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PKEFACE. 



I HATE COLLECTED into the present volume those essays 
to which I have had most frequently to refer in other 
works, and particularly in ' The Sun ' and i Other 
Worlds than Ours.' A certain degree of inconvenience 
is occasioned to readers when references are made to 
articles pubhshed in different serials, and still more 
when the reference is to essays published in the ' Pro- 
ceedings ' of scientific societies. It therefore seemed to 
me desirable to gather together these scattered papers, 
and, after submitting them to careful revision, to 
publish them in a single volmne. To this course I was 
further encouraged by the welcome extended to my 
* Light Science for Ldsure Hours,' in which a series of 
papers covering a somewhat wider range of subjects 
had been similarly collected. 

The first three essays in the present volume (though 
the third is entitled, simply, The Study of Astronomy) 
relate to the life and work of the great astronomer and 
philosopher whose loss science has recently had to de- 
plore. Then follow papers on the planets Mars and 
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Saturn. The subject of meteoric aatronomy is next 
d at coofiderable length. The recent actioD 
e Astronomical Society in awarding its gold 
[ to Schiaparelli for his researches into meteoric 
lomy has attracted considerable attention to the 
;t, and has, as it were, sanctioned theories which 
viewed somewhat doubtfally when the accom- 
ng essays were written. The papers on the 
cal Light and the Solar Corona are chiefly taken 
the 'Proceedings of the Astronomical Society.' 
present views which have been confirmed, since 
papers were written, by many striking discoveries, 
emaioing essays in the body of the work relate to 
ars and star-cloudlets, their nature, movements, 
jement in space, and aggregation into systems, 
exhibit the reasoning on which I have based 
new views respecting the universe which are 
ited briefly in ' Other Worlds than Ours,' and 
, will be more fully exhibited in the lectures I am 
to give at the Eoyal Institution, and in a work 
at present preparing, to be entitled ' Other Suns 
)urs.' The Appendices contain notes on the rota- 
f Mara and the proper motion of the Sun, which 
d somewhat too abstruse for the body of a popular 
like the present, as well as three essays on the 
aching transit of Venus, which, for a like reason, 
d more suitably placed at the end of the volume 
ilsewhere. These Appendices, and especially the 
s on the transit of Venus, contain many facts 
were collected or deduced at the cost of con- 
ble labour, and which will be useful, I believe, to 
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those who desire to give the subjects of these essays a 
thorough inveatigation. 

The relation of the essay on Equal-surfece Projec- 
tions of the Globe to the more specially astronomical 
subjects will be obvious when my uae of equal-surfece 
projections, as a means of ascertaining and interpreting 
the laws of stellar and nebular distribution, is taken 
into account. 

As it was found impoaable to include in a single 
volume all the scattered essays which seemed necessary 
either for purposes of reference, or to supplement the 
information contained in * Other Worlds' and 'The 
Sun,' I separated the essays into two diviaons, one in- 
cluding the m<xe strictly scientific essays (with a few 
exceptions), and the other containing essays of a some- 
what lighter kind and more closely associated with the 
subject of the plurality of worlds. The former series 
constitutes the present volume, the latter will shortly 
be published, uniform with ' Other Worlds,' ' The Sun,' 
and 'Light Science,' under the title of 'The Orbs 
Around Us.' 

I may here point out that popular sketches of 
sdentific subjects, however hght they may be in treat- 
ment, should be based on a careful investigation of 
these subjects in their scientific aspect. It will be seen 
from the dates appended to the present essays that the 
slighter papers which I have written on the same 
subjects for our popular seriab have been, in all cases, 
written after those subjects had been more solidly dealt 
with, and that in most instances my researches had been 
submitted to the consideration of the Astronomical 
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Society before they had found their way, in a popular 
form, into our magazines. I point this out in no spirit 
of egotism. Indeed I conceive that it is simply a 
matter of duty for those who desire to teach, to pre- 
pare themselves for the task by first learning. But I 
find it desirable to meet a grave chaise unjustly brought 
against me in the ' Saturday Review.' In a pretentious 
essay on my ' Light Science for Leisure Hours,' the 
reviewer has implied, in somewhat acrimonious terms, 
that I have written on subjects which I have not pro- 
perly studied. He cites, as his chief instance, my views 
respecting the zodiacal hght, remarking that if I had 
studied the subject, and had made myself acquainted 
with ' the fact that the zodiacal light maintains a con- 
stant position with respect to the horizon,' I should 
have avoided the blunder of regarding it as an extra- 
terrestrial phenomenon. It will be seen from the date 
of the accompanjmig essay on the subject that I had 
brought before the Astronomical Society a complete 
discussion of the phenomena of the zodiacal light fiiH 
half a year before ' Light Science ' was published, while 
the note at p. 169 will show that in my treatise on 
Saturn I had announced nearly eight years ago the re- 
sults of a careful mathematical analysis of the subject. 
It is true I had not ' made myself acquainted with the 
fact that the zodiacal light maintains a constant posi- 
tion with respect to the horizon;' but this may be 
explained by the circumstance that its changes of posi- 
tion, as well from day to day as from hour to hour, are 
among the most familiar facts of elementary astronomy. 
Indeed, my critic, throughout his review, appeared 
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singularly anxious to illustrate, by example, the folly 
of Avriting on ill-studied subjects. 

I have to thank the editors and publishers of the 
various serials from which these essays have been 
taken, for the permission to reprint them. In an 
especial manner I owe thanks to the Council of the 
Koyal Astronomical Society, as well for leave to reprint 
the essays from the Society's ' Proceedings ' (which con- 
stitute more than two-fifths of the present volume) as 
for the permission to use the woodcuts and lithographic 
engravings belonging to the Society. 

Richard A. Proctor. 

Bbiahtok: Apnlie72. 
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ASTEONOMIOAL ESSAYS. 



SIR JOHN BERSCHEL. 

On Thursday, May 11, 1871, the greatest aatronomer of our 
day passed from amoDgat ub. In so characterising Sir John 
Herschel we are not foifgetting that others in our time have 
surpassed bim in their mastery of special departments of 
astronomical science. But, as an astronomer in the true 
sense of the term. Sir John Herschel stood before all his 
contemporaries. Nay, he stood almost alone. Others in 
our day have worked right skilfully and well in advancing 
aatronomy. By abstruse mathematical calculations, by 
laborious ot by most delicate observations, by profound 
physical researches, or by the ingenious employment of 
various physical processes, they have added so much to our 
knowledge that the astronomy of the last generation seems 
altogether meagre by comparison with that of our own time. 
But how few have there been who have had, like Herschel, 
a real insight into the grandeur of astronomical truths ! 
how few who, like him, could so touch the dry bones of 
&ct that they became clothed at once with life and beauty ! 
It may be said of some of the most skilful of Herscbel's 
astronomical contemporaries, that they have scarcely even 
perceived the essential truths of astronomy ; and not many 
can be truly said to have felt the full import of those 
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2 ASTBOSOMICAL ESSAYS. 

truths. But to Herschel astrouomy was Dot a matter of 
right asceosioD aad declinatiou ; of poising, clamping, and 
reading off; of cataloguing and correcting. He saw the 
real value of technical and instrumental details ; but he did 
not mistake these details for astronomy, as some have done. 
When he read the wondrous lessons taught by the heavens, 
it was for their meaning that he cared, not for the outvard 
symbols by which they are expressed. 

Sir John Herschel was bom on March 7, 1792, at Slough, 
in Buckinghamshire. It was here, our readers will re- 
member, that his father's telescopic researches into the 
celestial depths were carried out, and here the younger 
Herschel grew up amid influences which could scarcely fell 
to affect his future career. At Slough night was turned 
iuto day, for it was at night and all through the night that 
Sir William Herschel pursued his labours, while in the 
daytime the house was kept still and silent, that the astro- 
nomer and his assistants might sleep. There must have 
been something singularly impressive to the mind of young 
John Herschel in this continued communing with the host 
of heaven. He saw his father — already an old man when 
he himself was but a youth, — his uncle and his aunt, Miss 
Caroline Herschel (the hardworking assistant of her brother), 
all earnest in the study of those far-off worlds, while the 
things of this world seemed to be but of secondary import 
to them. What wonder, then, if as he advanced in years 
astronomy had for him a significance and a charm which it 
possessed for none other ? Or what wonder, if, when de- 
scribing the glories of the celestial spaces, he spoke with a 
fervour and enthusiasm which had a strange power in stir- 
ring the hearts of men ? 

Yet the earlier labours of the future astronomer were 
directed to other branches of study than the science which 
his father had made his own. Under the sound instruction 
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SIR JOHN HEBSCHEL. 3 

of the Scotch mathematician Rogers, he became proficient 
■ in mathematicB. He went to St. John's College, Cambridge, 
in 1809, and in 1813 took his Bachelor's degree, graduating 
as Senior Wrangler, and taking the first Smith's prize. 
Amongst the most important of his services to science must 
be noted the work which, in conjunction with a few young 
men of like mind, he achieved at this time in advancing 
the study of the higher branches of analytical mathematics. 
At Cambridge, and indeed throughout this country, the 
higher mathematics had long been strangely neglected. 
Continental mathematicians had passed so far in advance of 
the countrymen of Newton that, as was well said, English 
mathematicians * seemed to have slackened rein, conceiving 
pureuit to be hopeless.' To the labours of Herschel and his 
fellow-workers — Babbage, Peacock, and others — may fairly 
be ascribed the success with which, during the last half- 
century, this state of things has been corrected. A country 
which can boast of such mathematicians as Cayley, Sylvester, 
Adams, Airy, Ohallis, and Stokes, need no longer look with 
envy even on the highest mathematical schools of France 
and Germany, 

In the very year in which he took his degree Herschel 
published the treatise entitled ' A Collection of Examples 
of the Application of the Calculus of Finite Differences.' It 
is only necessary to examine the papers he contributed at 
this time to the Royal Society to reco^^se the mastery he 
had acquired over the more recondite branches of mathe- 
matics. In Volume CIII. of the ' Philosophical Transactions ' 
will be found his first contribution, a paper ' On a Itenmrk- 
able Application of Cotes's Theorem ; ' and this was quickly 
followed up by 'A Consideration of Various Points of Analysis,' 
by a paper ' On the Development of Exponential Functions 
and Several New Theorems Relating to Finite Differences,' 
and by a fine essay ' On Circulating Functions.' Later he 
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i ASTHONOHICAL ESSAYS. 

studied with success a variety of optical ptoblems, some of 
them of exceeding difficulty. 

Not until the year 1821, or after the practical close of 
his father's labours in astroaomy, did the younger Herschel 
commence that fine series of researches which constitute his 
claim to eminence as an aetronomical observer. In the 
years 1821-3, in conjunction with Sir James South, he 
studied a large number of double stars, and established the 
fEict that many such pairs are physically associated. This 
fact is now so well known, and so thoroughly admitted, that 
one reads with wonder of the doubts and objections urged 
against thp existence of physically associated pairs of sons. 
But the evidence was too strong to be rebutted either by 
argument or ridicule ; and the importance of the work thus 
achieved by Herschel and South received early recognition 
from the principal learned societies of Great Britain and 
the Coutinent. 

In 1825 Herschel began to prepare himself for the re- 
searches which be proposed to carry out in surveying the 
Southern heavens. His object was to obtain, in the first 
place, ' a sufficient mastery over his instrument ' — an 
ezeellent Newtonian reflector, 20 ft. long and 18^ in. 
in aperture. His preparation involved labours which 
most men would have thought no unworthy occupation 
for a lifetime. He examined no less than 2,300 nebulas, 
of which 525 were discovered by himself. He discovered 
also, while thus engaged, between three and four thousand 
double stars. Having thus spent eight years in preparing 
himself, be left England in November 1833, and reaching 
the Cape of Good Hope early in the year 1834, he set up 
in the neighbourhood of Table Bay the instrument with 
which he proposed to survey the Southern skies. His 
labours here may be divided into three chief sections 
(setting aside what may be described as miscellaneous 
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SIR JOHN HERSCHEL. 3 

observation) : — First, he extended to the Southern heavens 
his father's system of guagiog, making and recording up- 
wards of 2,000 different star-guagings. Secondly, he made 
a catalogue of 1,700 Southern nebulae. Thirdly, he cata- 
logued more than 2,000 Southern double stars. For four 
years and a quarter he remained at the Cape, returning to 
England in 1838. Nine years pasEted, however, before the re- 
sults of his labours were fiilly published in that most valuable 
and masterly treatise entitled * Resulta of Obserratioua 
made during the years 1834-38 at the Cape of Good Hope ; 
being the Completion of a Telescopic Survey of the Whole 
Surface of the Visible Heavens, commenced in 1825.' This 
work does not include, however, an account either of his 
meteorological researches at the Cape or of his labours in 
perfecting the system of national education in the Cape 
colonies. 

In 1836 the Astronomical Society gave Herachel their 
Gold Medal. A year later he was made a baronet, an event 
which many of bis scientific admirers contemplated with 
little satisfaction. More to the purpose was the proposal 
made in 1839 that he should succeed the Duke of Sussex 
in the Presidential Chair of the Royal Society. This pro* 
posal, however, he declined. 

Sir John Herschel's subsequent labours were devoted 
rather to scientific instruction than to original researches. 
He had already written more than one work on science — a 
'Treatise on Sound,' another on the theory of light, his 
' Preliminary Discourse on the Study of Natural Philosophy,' 
and (in 1830) his 'Treatise on Astronomy.' In 1849 he 
published his well-known ' Outlines of Astronomy,' enlaiged 
from the last-named work. Of other works published 
separately, we need only mention his excellent treatises on 
meteorology and physical geography. But he wrote, alw), 
many articles in the ' Edinbui^h Encyclopsedia ' and the 
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6 ASTBONOMICAL ESSAYS. 

' Encyclopaedia Britannica,' as also in the Edinburgh Review^ 
the Quarterly Review, and other serials. Some of his Bhorter 
papers have been reprinted in a work entitled * Familiar 
JissayB on Scientific Subjecta.' 

As a theoriser in astronomy, Uerschel was not equal to 
his father. There is nothing in hia works comparable with 
the grand progression of bis &tber's ideas respecting the 
structure of the universe. He had, indeed, no great power 
of grasping factfi, insomuch that we are over and over again . 
surprised by bis recurrence to theories which he has himself 
shown to be negatived by observed relations. The source of 
bis father's success in mastering the secrets of the universe 
lay in his power of retaining in his thoughts all known 
facts bearing upon the subject he was dealing with. Hence 
that steady progression from truth to truth, or rather from 
the less complete to the fuller recognition of truth ; inso- 
much that Wilb'am Struve, speaking of the latest of Sir 
William Herschel's papers, said justly : — * Heureui mortel 
que fut Herschel, de jouer, ^ I'age de 80 ans, d'une pene- 
tration de I'esprit et d'une clarte du jugement qui le firent 
composer ses deuz demiers memoires, remplis d'une spe- 
culation sublime et profonde 1 ' But if the great astronomer 
who has lately departed from amongst us was inferior to bis 
father in this respect, so also have been all others ; while 
Sir John Herschel alone, of all wbo have succeeded the 
elder Herschel, has been fairly comparable with him in all 
respects save this. 

As regards Sir John Herschel's qualities as a populariser 
of science, we venture to express an opinion somewhat at 
variance with that commonly entertained (we believe) upon 
the subject. That he was a successful populariser is un- 
doubted, but the mode and reason of his success have been 
we think, misimderstood. The literary merits of bis writ- 
ings are certainly not exceptionally great. His style is 
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SIB JOHN HEBSCHEL. 7 

often ponderous, aud not unfrequently far from clear. Nor 
can it be said that he has auccessfully expounded the diffi- 
culties dealt vith In his treatises. The buyers of his * Out- 
lines,' have been, we believe, many times more numerous 
than the readers of that work ; uor is this greatly to be 
regretted when it is remembered how much there is in the 
work which could be of no use to nine hundred and ninety- 
nine out of every thousand students of astronomy. 

Where, then, was the secret of Herschel's success — for 
sncce^ful be undoubtedly was — in attracting to the study of 
astronomy hundreds who hut for him woidd have cared little 
for that science ? There can be no question, we believe, that 
the answer must be sought in the considerations touched 
upon in the beginning of this paper. His soid was so 
thoroughly imbued with the sense of the sublimity of the 
lessons taught by the celestial depths, that his descriptions, 
despite all faults of style, are irresistibly impressive. Here 
by a word, there by a happy turn of espreasion, now by 
some strikingly poetical conception, anon by a grand array 
of noble thoughts, he forces his readers to share his own 
enthusiasm. There are some passages in his writings which 
for grandeur and sublimity are surpassed by nothing that 
has been written in the English language, save, perhaps, 
some few portions of the 'Paradise Lost.' 

EnfflM Xec&anie for Maj 18, 1871. 
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SIR JOHN HERSCHEL AS A THEORIST 
IN ASTRONOMY. 

It would be difficult to say in what department of astrono- 
mical research Sir John Herechel was most eminent. That 
he was the greatest astronomer of his day, even those who 
rivalled or surpassed him in special departments admit 
without question. He waa, indeed, facile priTtcepe not 
merely amODg the astronomers of his own country, but 
among all his astronomical contemporaries. He held this 
position chiefly by reason of the wide range of subjects over 
which his mastery extended. He was unequalled, or rather 
unapproached, in his general knowledge of the science of 
astronomy. It need hardly be said that he was proficient in 
the mathematical departments of ihe science. (Perhaps no 
one of whom this cannot be said may be regarded as an 
astronomer at all.) In his knowledge of the details of 
observatory work he was surpassed by few, and his acquaint- 
ance with the specialities of astronomical instruments was 
such as might have been anticipated from the excellence of 
hia mathematical training. He was fer the greatest astro- 
nomical observer the world has known, with one single 
exception — Sir W. Herschel. That in certain respects other 
observers surpassed him may be admitted very readily. He 
had not the eagle vision of Dawes orGoIdschmidt,for InstAuce; 
nor had he the aptitude for accurately measuring celestial 
spaces, angles, and so on, which some of the German astro- 
nomers have displayed of late years. But such mvnuticB as 
these may well be overlooked when we consider what Sir J. 
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HiTSchel actually achieved as an observer. ThouBaads of 
double stars detected, measured, and watched as they circled 
round each other; upwards of two thousand uebube dis- 
covered ; the southern heavens guaged with a twenty-feet 
telescope — these, and like achievements, dwarf into insigni- 
ficance all the observational work accomplished by any single 
astronomer since Sir W. Herschel ceased his labours. In one 
respect, and that noteworthy, Sir John Herschel even sur- 
passed his father. Only one astronomer has yet lived who 
had surveyed with a powerjul telescope the whole sphere of 
the heavens — that astronomer was the younger Herschel. 
He went over the whole range of his father's observations, 
in order (to use his own words) that he ought obtain a 
mastery over his instrument : then in the southern hemi- 
sphere he completed the survey of the heavens. He alone, 
then, of all the astronomers the world has known, could 
boast that no part of the celestial depths had escaped his 
scrutiny. I need not dwell on Sir John Herschel's success 
in expounding the truths of astronomy. We owe to him, 
beyond all question, the wide interest at present felt for the 
science, as well as the special fervour with which the younger 
astronomers of our day discuss its truths. And, lastly (pass- 
ing over many departments of astronomical study), Sir John 
Herschel's position as a theorist in astronomy is unquestion- 
ably a most eminent one. My present purpose is to discuss 
his work in this direction ; to endeavour to exhibit the 
special merits of his mode of theorizing ; and, if it should 
happen that in my judgment certain features of Herschel's 
work in this direction should seem less excellent than the 
rest, to exhibit the ground on which such judgment is based 
— truthfully, as is right, but also with fit consideration of 
the respect (perhaps I should rather say the reverence) 
due to the memory of the greatest and the most amiable 
philosopher of our times. 
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In the first place, let the position of scientific tbeoriziog 
be rightly apprehended. We hear much of theory and 
practice, or, in the ca^e of snch a sdence as astronomy, of 
theory and observation, aa if the two were in some sense 
opposed to each other. Nay, unfortunately, it is not un- 
common to hear some observers speak of the astronomical 
theorist as if he held a position quite apart from theirs. 
Theorists do not, on the other band, adopt a corresponding 
tone in speaking of observers. And this for a very simple 
reason — the theorist must needs value the labours 'of the 
observer, because it is on such labours that he must base his 
theories. But observers — at least such observers as do not 
themselves care to theorize-^are apt to contemn the theorist, 
to suppose that the hypotheses he deals with have been 
evolved from the depths of his moral consciousness, instead 
of being based on those very observations which they mis- 
takenly imagine that the theorist undervalues. The fact, 
indeed, is really this — that the theorist alone values obser- 
vation as fully as it deserves. The observer is too apt to 
value observations for their own sake ; the theorist sees in 
them a value beyond that which they possess in thranselves 
— a value depending on their relation to oUier observations, 
as well as a value depending on the application of suitable 
processes of manipulation, or, as it were, of manu&cture. 
It is not going too &r, indeed, to say that observations as 
originally made are as raw material — highly valuable it may 
well be (and the manufacturer will be better aware of this 
than the producer of the raw material), but owing their 
value to their capacity for being wrought into such and such 
fabrics. It would be as reasonable for the miner to despise 
the smith and the engineer, as for the observer in science 
to contemn him who interprets observations and educes their 
true value. 

Let me quote here a passage from those too little studied 
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easays, the papers contributed by Sir W. Herschel to the 
* Transactions of the Boyal Society.' The passage is interest- 
ing as belonging to the opening of that noble essay in which 
he first pr^ented to the world his ideas respecting the con- 
stitution of the celestial depths. ' First let me mention,' he 
says, * that if we would hope to make any progress in inves- 
tigations of a delicate nature, we ought to avoid two opposito 
extremes, of which I can hardly say which is the most 
dangerous. If we indulge a fanciful imagination and build 
worlds of OUT own, we must not wonder at our going 
wide from the path of truth and nature ; but these will 
vanish like the Cartesian vortices, that soon gave way 
when better theories were offered. On the other hand, if 
we add observation to observation, without attempting to 
draw not only certain conclusions but also conjectural views 
from them, we offend t^inst the very end for which only 
observations ought to be made.' * I will endeavour,' he adds, 
speaking of the special work he was then engaged upon, ' to 
keep a proper medium ; but if I should deviate from that, 
I could wish not to fall into the latter error,' 

The power of forming sound theories depends on many 
mental qualities and habitudes — some positive, some nega- 
tive. I propose to consider the chief of these, in about the 
order* in which they are called into exercise in the gradual 
progression whereby a theory advances to its final stage, 
— illustrating each by the work of the great astronomer 
whose position as a theorist is my present theme. 

Sir John Herschel has himself described in clear and 
poweri'ul language the quality which is primarily requisite 
in the theorist. *As a first preparation he must loosen 
his hold on all crude and hastily-adopted notions, and must 
strengthen himself by something like an effort and a resolve 
for the unprejudiced admission of any conclusion which 
shall appeat to be supported by careful observation and 
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logical argument, even should it pGOve of a nature adverse 
to notions he ma; have previously formed for himself, or 
taken up, without examination, on the credit of others. 
Such an effort is, in fact, a commencement of that intellec- 
tual discipline which forms one of the most important ends 
of all science. It is the first movement of approach towards 
that state of mental purity which alone can fit us for a full 
and steady perception of moral beauty as well as physical 
adaptation. It is the " euphrasy and rue " with which we 
must " purge our sight '' before we can receive and con- 
template as they are the lineaments of truth and natiure.' 

These just principles have been perhaps as clearly laid 
down by other men of science ; but it may be' questioned 
whether any has ever more thoroughly obeyed them than 
Sir John Herschel. The enforced mental purity with which 
he approached a subject on which he proposed to theorise 
was indeed so remarkable that to many it was scarce even 
intelligible. His determination to remove from his own 
mind all the effects of preconceived opinions, whether 
adopted independently or received at the hands of others, 
was mistaken by some for an undue humility of mind. Nay, 
one biographer went so far as to ascribe to a spirit of flattery 
(and that spirit the offspring of vanity! •)that characteristic 
which, rightly understood, marked Sir John Herschel's mind 
as subservient to truth alone. 

* The obituarjr notJee in which this nmaric appeared was obvioiul; writtea 
by BQ able man, and one who held in very high regpect the abilitlM of Sir 
Johu Henchel ; and notvithBtanding the feeliof of pain with which I coDceive 
ereij admipOT of Sip John Herechfl mnRt hove read the paaaage,! imagine that 
no one wsa diapoBed to qnpstjon Ihn writep'B honeetj of pnrposF. Profeasor 
Tjndall, in a fool ingly-»ri [ten letter, chBilonged the writer of the paRsage to 
make known his name and to defend hia opinion. From internal eridence in 
the obitoarj notice itself, 1 am disposed to beliera that, apart from the reasons 
assigned bj the editor for the Do«-acceptance of this challenge, there was one 
very eicelleot reason why the writer could not reepond to a challenge which 
wonld haye been to him as the tmmpet to the war-horeo not very long api. 
Unless I am deceived, the anthor of the biograpby did not live to see it in print. 
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The completeet proof which a man of ecieace can give of 
this ' mental purity ' is afforded by a readinees to submit to 
some crucial test a theory which he has strong reasons 
for desiring to see established. I draw a distinction here 
between testing a theory and the search for evidence respect- 
ing a theory. One who is not free from prejudice may yet 
none the less eagerly search for evidence respecting the 

It woold be idle to defend Sir Jcdm Hencliel Itddi the ehuge of nnity — » 
ch&Tgevhieh oiiild odI; have bad birtb in a toUl minpprefaenHioii of tbe Bia- 
gnlor ireetnegB of diapoeition vhich endeared the great aetroDomer not onlj 
to all vbo knew bim penonolly, but to manj (the preunt writer among tbe 
nnniber) who, without being p«raonalljr acqnainted witb him, received from 
him written words of eneovragemenl and kindness. Yet it may be permitted 
me to point ont (eomeetlj diBcIaiming, the whilst, nil notion that the aigu- 
nient is needed in Sir John Harschel's defence) tbe otter faUocy of ibe reason- 
ing bj which tba charge of raaity was supported. It is onqnesUonablj tnie 
tiiat flattery is alwaya the offspring of Tanitf or cf a worm failing ; and if com- 
plimenta addressed to others on the teoreof tlieir tuwb or theories be admitted 
to be untrue, ^le charge of flattery is estabUsbed, and with it the eboige of 
vanity of disposilion. Bat when such compliments relate to opinions opposed 
to those held by the person wbo pays them (and it was the very basis and 
nuin support of the aUack on Sir John Herschel that this was tbe esse), ths 
argomeDt against vanity is at once teen to be altogether stronger than the 
a^nment in its &vour founded on the suspicion of flattery. For a vain man 
may well be supposed to flatter others in matters not afiecting his own vanity, 
in order that he in turn nay be flattered in those matteis respecting which he 
is rain. Bat the spirit of detritctioa itself could Itot force any man to believe 
that a voia person would, for the soke of praise, overpiwse another to his own 
dispraise. A systematic readiness to give to others their due, even thongh at 
his own cost, must surely be explained as arising from a genuine desire to do 
justice. Such a desire may be, unfortunately, far less common than could be 
wisbed ; bat the onasool nature of a form of eiceUence is no valid reason for 
preferring some utterly incongruous evil motive in explanation of conduct 
obviously suggesting such exceptional excellence of disposition. 

No one who had ocotsion to seek the opinion or sdvice of Sir John Herschel 
could fail to be struck by his exceeding courtesy, and bj the readiness witb which 
be admitted or noted errors into which he might have fallen (as all men will). 
And yet I think that those who possess letters written by bim, and will carefully 
examine them, will find, for each error admitted by him, at least two pointed out 
in their own views. Indeed, any one wbo objected to be set right when in error 
might well be disposed Co rtf^ard Sir John Herschel as a merciless corrcspondaot, 
ootwithslanding the calm courtesy of bis remarks. He set truth in the flrst 
place; and by comparison with ber, neither hia own opinions nor those of othara 
were permitted to bare any weight whatever. 
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theories he desires to advocate. But to test a theory 
crucially, to enter on a series of researches which must 
needs reveal the weak poiuts of a theory, tbia is what only 
the true man of science is capable of. ' This,' aa Professor 
Tyndall well remarks, ' is the normal action of the scientiBc 
mind. If it were otherwise — if scientific men were not 
accustomed to demand verification — if they were eatiafied 
with the imperfect while the perfect is attainable, their 
science, instead of bein^, as it is, a fortress of adamant, 
would be a house of clay, ill fitted to bear the bufietings of 
the storms to which it has been from time to time, and is 
at present, exposed,' 

N^ow, when Sir John Herschel commenced his labours as 
an astronomer, there were two theories before the world, 
respecting which it may fairly be asserted that h»d he 
regarded them with a feeling amounting to strong prejudice 
in their favour, he might have claimed forgiveness. They 
were of unequal importance, but each was full of interest. 

The first related to those double stars which now form so 
favourite a subject of study with the amateur astronomer. 
His father, commencing the investigation of these objects 
under the impression that the two stars which seemed to 
form each pair were but accidentally seen nearly in the same 
direction, had been led after long labours to the conclusion 
that the double stars are for the most part real star-couples, 
physically associated by the mighty bond of their common 
attraction. A strange theory in those days, though now bo 
commonly admitted — a theory not yet established by the 
evidence which had been adduced in its favour at the time 
when Sir John Herschel's career as an observer commenced. 
The theory admitted of a ready test at that time, however ; 
for Sir William Herschel had recorded more than thirty 
years before the aspect of many hundreds of these objects, 
and it required only that all the double stars thus pictured 
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by the elder Herschel Bhould be submitted to a new and 
searching scrutiny, in order to Bet at rest at once and for 
ever the question whether they were physically associated. 
If they were, some among them muBt needs be circling 
round each other at a rate rendering their motions recognis- 
able. It needed only that these should be selected from the 
rest by a comparison with Sir William Herschel's researches, 
and then watched as they moved around their common 
centre, in order to prove that douhle-sun systems, wonderful 
as the idea might seem, have yet a real existence. On the 
other hand, the test was a crucial one. If no such signs of 
motion as the elder Herschel had suspected were found in 
reality to exist, it would be proved that that great astro- 
nomer had been mistaken in the theory itself, which had 
seemed so full of interest. 

The younger Herschel, entering into alliance with James 
South, submitted bis father's theory respecting the double 
stars to this most thorough test — with a result which is 
known to all students of astronomy. Plain proof was ob- 
tained that many double stars are physically associated, and 
thus the strange theory of coupled suns was placed on a firm 
basis. 

The second theory above referred to was far more im- 
portant. Sir William Herschel's long survey of the northern 
skies had led him to form and to enunciate those grand 
views respecting the constitution of the heavens with which 
his name will for ever remain associated. I do not propose 
here to discuss the principles of research adopted by Sir 
William Herschel, either in his star-guaging or in the survey 
of the celestial cloudlets which astronomers call nebulie. 
Nor shall I here inquire into the reasoning by which he was 
led to those noble generalisations which constituted his 
theory respecting the construction of the universe. What I 
principally desire to do in this place is to show with what 
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readineas Sir John Herschel subjected theories which he 
undoubtedly held in the highest respect to the most severe 
teat to which they could by any possibility be exposed. 

Of the reverence with which the younger Herschel regarded 
the Qoble labours and the grand conceptions of his &ther it 
is perhaps needless to speak. He has, indeed, been blamed, 
by those who miBunderstood his disposition, for carrying that 
reverence to excess, insomuch that one writer has not 
scrupled to speak of the manner in which Sir John Herschel 
regarded the instruments his father had employed as ap- 
proaching in its nature to idolatry.* Altogether denying 
the justice of such views as these, we must yet recognise 



* Id the biognpbical notice to vhieh I have referred above, the at 
made that Sir John Hetiichel had ' bo apecialtj aaoctified hia idol ' (hia&tber'a 
fortj-reat reflector) 'that be conld not choerftUl; bear to hear it lightly spoken 
of ; ' and elaewhere id the tlime notice, that in Bpaoking of this inBtnuneat he 
* altogether left no impfeaiion that a little lesa Benaihility and a little more ssnae 
would have saved a good deal of mortificatioo.' ' These ba veij bitter words ; ' 
Hnd if it chanced that the; were true, we might yet regard their utterance na 
in exceedingly bad taste— first, because the; are penomU, and aecondl;, becanse 
they beat □□ relation to those parts of Sir John Herschel's life which may be 
regarded as of public interesL Bat I reuture to express the conviclioD that 
those who will carefiiUy study Sir John Herschel's remarks respecting his fbther'i 
largest telescope will not adopt his biographer's interpretation of those remarks. 
I b&ve farther the means of showing that Sir John Herschel's views respecting 
this instrument were not such as have been here ascribed to him. I may be 
permitted to qnole bom a letter addressed to myself upon the subject, portly 
because of Sir John Herschel's repeatedty-ezpiessed willingness to permit 
remarks In his letters to be quoted, and partly because the publication of his 
own words in this special instance may serve U> remove a tolse and unjust im- 
presBion respecting his disposition. As it chances that the opinion expressed 
in the passage I am about to quote is directly opposed to one I had myself 
publicly expressed, I find a further reason for desiring to make the passage 
known. I had asked him whether he thought (as I mentioned that I had) thSt 
hia father had reoUy discovered four additional sateltilfls of the planet Uranus. 
'As to these four satellites,' ran his reply (which lies before me as I write), ' I 
incline to the opinion that my &ther must have too readily persuaded himself 
that the minute points of Ught which from time (o time he undoablfdly taw, 
were all reallg satellites. 'The testimony of Lord Bosse's and Sir. Lassell's 
reflectors — which ore composed of metal much more reflective than even that 
of the eighteen-inch, and very much more than that of the four-feet reflector of 
my father — I think must be held conclusive.' Cnie italics ore his.) 
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Uie fact that if an; tbeoriee could bave go far found favour 
in fierechel's sight as to cause biia to foi^t the rules which 
he had laid down for bis own guidance, and to seek rather for 
evidence copfirming tboae tJieories than for experiments by 
which their value might be tested, it would have been to 
his father's theories respecting the constitution of the uni- 
verse that he would have been disposed to extend this 
indulgence^ 

Yet tbe noblest acnes of observations made by the younger 
Herschel was so devised as to afford a crucial test of the 
accuracy of hie &tber's views respecting the constitution of 
tfie heavens. The elder Heischel had shown that certain 
relations prevail among the celestial objects visible at his 
northern observatory, and it was on the existence of those 
reUtUons that his theories were founded. It is clear, bow. 
ever, that the mere accident that liie observation of the 
celestial sphere had been first prosecuted in northern lati- 
tudes ought not to affect the views which men should form 
respecting the heavens. The terms North and South have 
relation to this little earth on which we live, not (properly 
speaking) to the celestial sphere, though they have become 
in a sense associated with that sphere. We speak of the 
North Pole of the heavens and of the South Pole of the 
heavens, and (^;ain of the revolution of the celestial sphere, 
because the rotation of our own earth seems to give a reality 
to these conceptions. But in judging of the constitution of 
the heavens we are bound to lay aside this usage, or at least 
to remember that it bears no real relation to the system of 
stars. We are placed in the midst of this vast system as a 
traveller in the midst of some vast forest, and the configura- 
tion of the system is no more associated in reality with the 
position in which our earth's axis chances to be situated, 
than the shape of a forest is associated with the direction in 
which the traveller pleases to pursue his course. 
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Sir William Herecbel, then, had studied the northern 
heavens much as a traveller might study the aspect of those 
parts of a forest towards which his course was leading him. 
The southern heavens, or those parte of them which are 
never seen in our latitudes, were quite as well able to supplj 
information respecting the constitution of the sidereal system 
as those which Sir William Herschel had surveyed. And it 
is clear that if the elder Herschel had rightly interpreted 
the northern skies, the southern skies should teach precisely 
the same lesson : whereas, if in hie speculations concerning 
the northern heavens he had mistaken accidental peculiari- 
ties for essential features of the celestial spaces themselves, 
llien the study of the southern heavens could scarcely fail 
to reveal his mistake and (probably) to explain its source. 

To this arduous task — a task which, even if its results 
were favourable, would add little to the admiration with 
which his father's work was contemplated by all who under- 
stood ite purport ; while, if unfavourable, it would serve to 
negative all his father's hypotheses — Sir John Herschel 
devoted twenty-one years of his life. Eight years he 
passed in preparation, that preparation consisting in the 
complete re-survey of the northern ekies ; four years at the 
Cape of Good Hope, in the survey of the southern heavens ; 
and lastly nine years in reducing his observations to form 
nnd presenting them in his own effective manner, in one of 
the most masterly scientific treatises the world has yet seen. 
In the presence of such noble labours, conducted in a spirit 
so philosophic, the fact that the theories of the elder 
Herschel were in aU their more important features most 
amply confirmed, seems to sink almost into insignificance- 
We feel that, loving as was the reverence with which Sir 
John Herschel contemplated his father's work, he had set 
ficientific truth far above that reverence. He had entered 
cheerfully on labours which might have resulted in shaking 
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men's &iUi in his fetter's opinions ; and no question can 
«xiat that, had this been the result, it would have been as 
fully exhibited to the world as that which actually rewarded 
Sir John Herschel's researches. 

The next quality which ia called into action in the forma- 
tion of theories is the power of seeing the full meauiDg of 
observed facts — o( seeing beneath the sur&oe, so to speak — 
since obaerved facts often, on the face of them, show little 
which tends to enlighten the inquirer. In order to explain 
my meaning, I will take two instances from the history of 
observations made upon the planet Satiun. When Galileo 
first turned his telescope upon this planet he imagined that 
he could Bee on either side of a central disc two other discs, 
each nearly half as lai^e as the central one. He watched the 
planet on several nighty seeing always this appearance. 
But when at a later season he viewed the planet, the two 
side discs had vanished. They reappeared again after a 
time ; and, as he continued to watch the planet, he saw 
them change somewhat in size and shape, but they always 
remained at an unchanged distance from the central disc, 
^ow it can be demonstrated that, by means of abstract 
reasoning alone, quite independently of that increase of 
optical power which subsequently enabled Huyghens to 
interpret these appearances, Galileo might have convinced 
himself that Saturn is girdled about by a flat ring inclined 
to the path in which the planet travels. Here was an 
instance, then, where an observed fact implied in reality 
much more than it seemed to do at first sight. The other 
instance is of like nature. The observer Bond (the elder), 
of America, noticed on the brightest of the rings of Saturn 
two shaded regions, symmetrically placed, close by the inner 
boundary of this ring, and at the two ends of the oval into 
which this inner outline is foreshortened. (See Plate I.N 
The observation in itself seems to be rather perplexing than 
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inBtmctive ; bat it is the perplexing obeervations which, in 
the long-run, beet repay oareful study, for they can usually 
be only explained in one «ay. Z have been able to diow 
that this particular observation (if admitted) proves b^ond 
all possibility of question that vhere these «haded regions 
appear we see, through tha rmg, the darlc sky beyond." 

I know of no more remarkable instance of Sir John Hei> 
schel's readiness and skill in interjnreting observed &cts Qtaaa 
the way in which he dealt with the features he had rec<^;nised 
in the Magellanic Clouds. He was the 6iet to survey those 
«traDge celestial regions with a powerful telescope. He 
mapped down and pictured multitudes of star^londlets, Mat- 
tered among the myriads of minute stars which produce the 
milky light of the Magellanic Clouds. At this point oUiers 
might have ceased their labours. There was an array of 
interesting objects, within a certain region of the heavens 
— what more could be said ? But Sir John Herschel was not 
thus satisfied. He reasoned from the shape of the Magellanic 
Clouds to the distances of the star-cloudlets within them, 
and thence to the scale on which these star-cloudlets are 
formed. He was able to deduce in this way perhaps t^e 
most important conclusion to which astronomers have ever 
been led by abstract reasonings — a conclusion interpreted 
by Whewell, Herbert Spencer, and in my own inquiries into 
the star-depths, to meui nothing short of this : that, so far 
as the only available evidence we have is concerned, all 
orders of star-cloudlets belong to our own star system, and 
not to external galaxies. 

For another instance of Sir John Herschel's power in this 

* 'SAtnrD and its 8j>Bt«m,' pp. 118-121. The iMsonlng Id theie pages is 
not hjrpotheticsl, but demon etntive; though of conrs« the demonstraitlon fiiU if 
the observed relation shonld be shovn to have no ral eiiBtence. Thera are 
other TSMODB for beliering that we can aee throtigh the SatncnJan riags, and that 
these are formed of disconnected sateUites ; but the evidence given b; these 
shaded regioiu iB ringnUdj simple and eSktire. 
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respect, I would refer the reader to his discuseioa of the 
phenomena presented by Bailey's comet during its approach 
towards and recession &om the sun in the years 1635-1836. 
A brief riaumS of this discussioD will be found in the 
charming volume entitled 'Familiar Essays on Scientific 
Subjects ; ' but the student of aattonomy should also read 
the original paper in the * Resulta of Astronomical Observa- 
tions made at the Cape of C^ood Hope.' Here I shall 
merely quote the coDclusion of the reaaoning, as amnmariBed 
in the * Familiar Essays,' in order to show how much which 
was certainly not directly covtained in the obeervations was 
deduced in this instance by abetrsot reasoning. It was 
* made clear ' that the tail of this comet ' was neither more 
Dor less than an ftccumulation of luminous vapour, darted 
off, in the first instance, towards the sun, as if it were some- 
thing raised up, and as it were exploded, by the sun's heat, 
out of the kernel, and then immediately and forcibly 
turned back and repelled /n>m tiie sua.' 

Another faculty which the theorist ^ould possess in a 
high degree is a certain liveliness of imagination, whereby 
analogies may be traced between the relations of the 
subject on which he is tbeorising and those of objects not 
obviously associated with that subject. This faculty Sir 
John Herschel possessed in a very high degree — almost as 
strikingly as his father, who in this respect probably 
surpassed all other astronomers, unless we place Kepler and 
Newton on the same leveL It is obvious that the faculty is 
of extreme importance, though it is one which requires a 
judicious control, since if it be too readily indulged it may 
at times lead us astray. 

One of the finest illustrations of Sir J(^n Herschel's 
aptitude in tracing such analogies is to be found in his 
reasoning respecting the zones in which the solar spots 
ordinarily make their appearance. I give this reasoning as 
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it was originally presented in the fine work to wbicb I have 
already so often referred, the * Results of Observations made 
at the Cape of Good Hope.' 'Whatever be the physical . 
cause of the spots,' says Herechel, * one thing ia certain, that 
tfaey have an intimate connection with the rotation of the 
8im upon its axis. The absence of spots in the polar regions 
of the sun, and their confinement to two zones extending to 
about latitude 35 degrees on either aide, with sn equatorial 
zone much more rarely visited by spots, is a fact which at 
once refers their cause to fluid circulations, modified, if not 
produced, by that rotation, by reasoning of the very same 
kind whereby we connect our own system of trade and anti- 
trade winds with the earth's rotation. Having given any 
exciting cauBe for the circulation of atmospheric Soids from 
the poles to the equator and back again, or vice verad, the 
effect of rotation will necessarily be to modify those currents 
as our trade winds and monsoons are modified, and to dis- 
pose all those • meteorological phenomena on a great scale, 
which accompany them as their visible manifestations, in 
zones parallel to the equator, with a calm equatorial zone 
interposed.' Herschel then proceeds to inquire 'what 
cause of circulation can be found in the economy of the 
sun, so far as we know and can understand it.' With this 
inquiry, however,* we are not at present concerned, save only 
to note how the aptitude of the theorist in the recognition 
of analogies leads him to inquiries which otherwise be 
would not have entered upon. 

Sir John Herschel, indeed, entertained a singularly strong 
belief in the existence of analogies throughout the whole 
range of created matter. As an evidence of this I venture 
to quote a passage from a letter of great interest, which I 
received from him in August 18ti9. It relates to the 
IB iAtir, I think the woid most luve been written 
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constitntioD of the heavens, referring especially to a remark 
of mine to the effect that all forms of star-clouds and star- 
clusters seem to be included within the limits of our own 
sidereal system. * An opinion,' he wrote, * which the struc- 
tm-e of the Magellanic Clouds has often suggested to me, 
has been strongly recalled by what you say of the inclusion 
of every variety of nebulous or clustering form within the 
galaxy — viz., that if such be the case, that is, if these 
forme belong to and form part and parcel of the galactic 
system, then that system vncludea wUhin itself miniatures 
of itself on an almost infinitely reduced scale; and what 
evidence then have we that there exists a universe beyond ? 
— unless a sort of argument from analogy that the galaxy, 
-with all its contents, may be hut one of these miniatures of 
that vast universe, and so on od infinitum ; and that la 
thai universe there may exist multitudes of other systems 
on a scale aa vast as our galaxy, the analogues of those 
other nebulous and clustering forms which are not minia- 
tures of our galaxy.' 

This, perhaps, is the grandest picture of the universe that 
has ever been conceived by man. 

Next in order comes that faculty by which the chain of 
cauB«» and effects (or of what we call such) is traced out, 
until the true correlation of all the facts dealt with by the 
theorist is clearly recognised. Adequately to illustrate the 
action of this faculty, however, would obvioiisly require 
more space than is available in such a paper as the present. 
I shall mention but one instance of Sir John Herschel's 
skill in this respect, selecting for the purpose a pass^e (in 
the first edition — 1833 — of his treatise on astronomy), the 
opinions expressed in which have been erroneously supposed 
to have been in the first instance enunciated by the cele- 
brated engineer, G-eorge Stephenson. Tracing out the con- 
nection between the action of the central luminary of our 
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sjrtem Mid tenaitml phmomenm Sir John Henchel re- 
marks thst ' the Bin's rayi are the ultinuite sonlce of nlmost 
every motion which t»lie« place on the TOifice of the earth. 
By its heat are produced all winds, end those diitnrbancee 
in thfe electric equilibrium of the atmosphere which give 
rise to the phenomena of Bghtning, and probably also to 
those of terrestrial magnetism and the anrota. By their 
vivifying action vegetables are enabled to draw support from 
inorganic matter, and become in their turn the support of 
animals and of man, and the sources of those great deposits 
of dynamical efficiency which are laid up for human use in 
our coal strata. By them the waters of the sea are made to 
circulate in vapour through the air, and irrigate the land, 
producing springs and rivets. By them are produced all 
disturbances of the chemical equihbrium of the elements of 
nature, which by a series of compositions and decomposi- 
tions give rise to new products and originate a transfer of 
materials. Even the slow degradation of the solid con- 
stituents of the surface, in which its chief geological changes 
consist, is almost entirely due, on the one hand, to the 
abrasion of wind and rain and the alternation of heat and 
frost, and, on the other, to the continoal beating of the 
sea-waves, agitated by winds, the results of sokr radiation • 
He goes on to show how even 'the power of subterranean 
ii.«i,' repressed or reKeved by causes depending on the sun's 
action, 'may break forth in points where the resistance i, 
barely adequate to their retention, and thus bring the 
phenomena of even volcanic activity under the general law 
of solar influeDce.' 

A. respects Sir John H.rscbel's skill in devising methods 
for throwing new Ught on quations of interest, it is only 
«ecess«yto remark that w. owe to him the firrt e.peri- 
mental determination of the quMitity of heat received from 
the sun, as weU as a solution of difficnltie, which seemed to 
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Sir William Herschel almost insuperable in the problem of 
estimating the relative brightnesii of the lucid stars. I may 
add also that be was among the first, if not actually the first, 
to suggest that the prismatic analysis of solar light might 
* lead us to a clearer insight into its origin.' 

Nor is it neeesaary to dwell specially on that most notable 
quality of Sir John Herschers character as a theorizer — the 
light grasp with which he held those theories which he had 
himself propounded. This characteristic is so intimately 
associated with the mental purity the Deceeeity for which Sir 
John Herschel kept so constantly in his mind (as I have 
shown above) that, having exhibited instaneea of the last- 
named quality, it is hardly necessary to point to cases by 
which the other has been illustrated. Suffice it to say that 
no theorist of modem times has surpassed Herschel, and few 
have equalled hjm, in tiiat complete mastery of self whereby 
ifc becomes possible for the student of science not merely to 
admit that he has enunciated erroneous opinions, but to 
take in hand the thMries of others, and to work as patiently 
and skilfully in placing such theories on a firm basis a« 
though they bad been advocated in the first instance by him- 
self. I know no more perfect proof of strength than this light- 
ness of hold, eipecially in the case of theories which may for 
many years have been among the favourite views of the 
theorizer. To those wfao have never theorized, it may seem 
ttie easiest thing in the world to abandon a long-favoured 
theory. How difficult it really is, however, is shown by the 
persistence with which even eminent students of science 
have struggled to maintain their theories long after the most 
convincing evidence has been obtained ^^nst them. Un- 
fortunately for science, the lightness of grasp with which 
the Herschels, father and son, held their most fevoured 
theories is even more uncommon than the observing skill, 
the untiring patience, and the ingenuity of device with 
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which they sought for evideoce to establish the truths of 
astronomy. 

One quality alone Sir John Herschel soema to me (I ven- 
ture the opinion with extretae diffidence) to have possessed 
in a less eminent degree than those other qualities which 
are necessary for successful theorizing. Lightness of grasp 
for theories needs to be accompanied by a most rigid grasp 
of facte. I conceive that in some instances Sir John Herschel 
held facts almost as lightly as he held theories. Let me not 
be toisuDderstood. I would by no means desire to imply 
that Sir John Herschel in any instance wittingly overlooked 
known facte. To suppose, indeed, that this was my meaning 
would be to suppose that at the close of this paper I desired 
to present Sir John Herschel to the reader in quite a dif- 
ferent light than in the earlier paragraphs. I would merely 
note that in some instances Sir John Herschel seemed to 
forget that certain &cts had already been eetablished — even 
sometimes that be bad himself established such and such 
facts. It is, of course, always possible that where I thus 
suppose him to have been forgetful of lacte which he had 
either already admitted or establiebed, I have in reality 
misunderstood either his opinion of the &cte or those state- 
ments of his which seem to me at variance with such facts. 
And yet — to take an instance which is more particularly in 
my thoughts at this moment — I have not been alone in 
interpreting Sir John Herschel's own remarks about the 
Magellanic Clouds to imply that, in the only instance in 
which any determination of the distances of the several 
orders of nebulie has been possible, nebulas of aU orders have 
been found to lie far within the limits of distance to which 
our own star system extends. As I have already mentioned. 
Dr. Whewell and Mr. Herbert Spencer took precisely the same 
view of Sir John Herschel's reasoning that I have taken ; 
and, indeed, for my own part, I can conceive no other inter- 
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pretation, either of bis reasomii^, or of the &ct8 oa which 
his reasoning was based. Yet I think that I am not mis- 
taken in believing that much which has since been written 
by Sir John Herschel about the nebulae is wholly at variance 
with the 'demonstrated fact' of the remarkable sentence 
in which he summed up bis reasoning about the Nubeculte. 
This, at any rate, is certain, that the views which Dr. Whe- 
well, Mr. Herbert Spencer, and I myself have expressed about 
thenebulse (views identical so far as they overlap) have been 
commonly regarded as differing from the opinions enter- 
tained by Sir John Herschel respecting nebulie long after he 
had enunciated the * demonstrated fact' referred to above." 

Other instances might be cited, which eeem almost as 
decisive of the fact, that in this special respect Sir John 
Herschel was not equal to his father, the solidity of whose 
reasoning was never in a single instance marred by a for- 
gotten &ct. It may, indeed, be regarded as in no sense 
wonderful if one whose labours extended over so enormous — 
one may even say, without forgetting his fathers work, so 
unparalleled — a range as Sir John Herschel's, forgot some- 
times those fects which he had already admitted on the 
evidence obtained by others, or even those which he had 
himself established. t 

But even if this blemish have a real existence, it is but an 
a spot upon the sun. It bears no further than tkie upon our 
opinion of Sir John Herschel's position as a theorist in astro- 

* That Sir John Henichfl dbtbt withdrew the opinion that that &ctiBdenion- 
Btn.ted by the evidence, I happmto laiowqnit« certunly; because, commenting 
on a lemark in m; ' Other VlorlAt,' which B««aed to imply tlutt he had changed 
hii mind, he noted in a letter to mjielf that he atill ntained the opiniun 
eipvsied in the pauage referred to. 

t That thia did, at an; nl«, eometimes happen, cannot be denied even hy 
Sir John HeFBcbel's warmest admirera, since in the preface \a his ' Outlines of 
Aatronomy,' we find him noting that theories which he had ipokea of as 'certain 
enrions views of M.Jean BeTnand' had been 'reasoned ont' by himself to 
ideutieal eonclosions' maoj jtars bdbre, a fact which bad ' completely escaped 
his recoUectioD when perosing the works of M. B«jwiiid.' 
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ly : that whereas but for this occasional foi^t^ilnesa he 
ht have ranked higher than Sir William Herscbel bim- 
, we must now concede that the younger Herschel was 
ind to the elder, but to the elder Herschel alone. A 
arkable era in astronomy, observational and theoretical, 
come to a close with the death of Sir John Herschel — an 
lasting nearly a full century, during which two astro- 
lers, father and son, have stood forth more prominently 
i any save the very greatest in astronomical history. 
Ji all our faith in the prc^ees of the human race (and 
own faith in that progresB is very strong), we can yet 
■cely hope that for many generations astronomy will 
I upon their like again. 

Tie SI. PauTa Magaeiiu far June 1871. 
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THE STUDY OF ASTRONOMY. 

Tbs death of the great astronomer to whom more than to 
any other we ove the interest with which astronomy is 
studied in our time, invites us to some reflections on the 
value of such study, and on the special purposes which it is 
best fitted to sufaeerve. I wish particularly to note that I 
am not here about to examine the utilitarian aspect of the 
science. No one is likely to dispute the assertion that in 
OUT highly utilitarian age the practical application of 
astronomy subserves highly important purposes. The whole 
system of commerce, for example, depends on the accuracy 
with which the astronomen of Crreenwich and other national 
observatories note the apparent motions of the stars. The 
survey of land districts cannot be efficiently qarried out 
without astronomical observations and a careful considera- 
tion of astronomical principles. And besides a nnmber of 
otiier instances in which astronomy is directly applied to 
practically useful purposes, it is only necessaiy to consider 
how many and what important interests depend on the 
commercial relations between different countries, and on the 
careful survey of the earth's surface, to see that astronomy 
holds almost as high a position among the useful sciences 
as among those which relate chiefly to the extension of our 
knowledge. But, as I have said, it is not of the utilitarian 
aspect of astronomy that I wish to speak. I purpose to 
consider the study of astronomy as a means of mental train- 
ing, — whether as affording subjects of profitable contempla- 
tion ; or as ofiering problems the inquiry into which cannot 
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fail to discipline the mind; or, l&stly, as suggesting the 
actual application of methods of observation by which at 
once the patience and ingenuity of the observer may be 
exercised, his knowledge extended, and bis mind supplied 
with fresh subjects for study. 

For whatever those may think who have not familiarised 
themselves with the teachings of astronomy, there can be no 
question that the highest place is given by astronomers 
themselves to those rather who have advanced our know- 
ledge of astronomical facta — whether by careful observation 
or by judicious theorising — than to those who have applied 
astronomy most successfully to practical purposes. If we 
take the names which are most highly honoured by astro- 
nomers, and consider why they are honoured, we shall see 
that this is so. I suppose that practical astronomy, as it is 
now known to us, would have had no existence but for the 
researches of Copernicus, Kepler, and Newton. It is true 
that the same amount of labour devoted to the simple 
observation of the celestial movements might very well have 
resulted in making astronomers quite as confident both ia 
prediction and retrospection as they actually are. But it is 
altogether unlikely that the same amount of labour would 
actually have been directed to astronomical inquiries but 
for the confidence engendered 1^ the work of Copernicus, 
Kepler, and Newton. So that in one sense we may say that 
these great men have done more to advance practical astro- 
nomy than any others, and that the high honour in which 
their names are held by astronomera would be justified by 
this circumstance alone. Yet, if we rightly consider the 
labours of Copernicus, Kepler, and Newton, we shall find 
that they were by no means primarily directed to practical 
astronomy. Their effect in advancing the study of practical 
astronomy may 1« regarded as, in a sense, accidental ; or 
rather thia result affords an illustration of the fact that, in 
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scientific research, ve need not keep continually before our 
mindB the question ^Cui bonof since a good which the 
student of science himself may not perceive will commonly 
result &om even the least promising researches. We know 
that Copernicus only sought to explain observed appear- 
ances by a simpler theory than that which was in vogue in 
his day. To Eepler, perhaps, the idea may have suggested 
itself that the laws he sought for so earnestly, in order to 
explain the movements of Mars as traced by the best 
observational methods yet applied, might result in giving 
to astronomers a new power of predicting the motions of 
Mars and the other planets. But certainly the object which 
Kepler set himself was to replace the disorder of the Ptole- 
maic system and the but partial symmetry of the system of 
Copernicus, by a harmonious series of relations. When he 
had succeeded, his boast was, not that he had shown astro- 
nomers how henceforth they might confidently predict the 
motions of the celestial bodies, but that he had ' found the 
golden vases of the Egyptians.' Nor is it possible to read 
Newton's own account of those researches by which the law 
of gravitation was established without feeling that, to him- 
self at least, the practical application of the law in after- 
times was of secondary import. It was the law itself, 
regarded as a discovery respecting the manner in which the 
bodies distributed throughout space infiuence and are in- 
fluenced by each other, which he valued. 

If we turn our thoughts to the astronomy of the past 
century, we recognise the same fact. It would be difficult 
to find in the whole of that noble series of papers which 
Sir William Herschel contributed to the pages of the ' Philo- 
sophical Transactions' a single pan^raph directed to the 
application of astronomical discoveries to practical pur- 
poses. And whether we consider those discoveries which are 
commonly but erroneously supposed to constitute Herscbel's 
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chief title to honour, or thoae which aetroiKHDen r^ard as 
his most valuable coDtrihutiouB to Bcieaoe, we find in either 
case that we have to deal with discoveriei which have, 
primarily^, no practical value whatever. For exan^tte, tlie 
discoveoy of Uranus, which bo man; si^tpoee to have been 
Herschel's uobleet work, was undoubtedly full of interest, but 
it certainly was not a practically useful discovery. Aod, 
again, to turn to that which was in reality the nobleet w<^k 
achieved by HerBcbel— his researches into depths lying far 
beyond tiie range of the unaided vision — ^in what sense can 
the counting of myriads of stars or the discovery of thousands 
of nebuUe be regarded as advancing in the sUghteBt d^ree 
the material interests of mankind? Even if it hereafter 
happened that the discovery of Uranus or the proceaees of 
star-guaging should indirectly lead to some practical results 
of value, it would still remain certain that Sir William 
Herschel had had no such results in his thoughts when he 
prosecuted his researches. 

In our own time Sir John Herschel has be^i justly held 
by all to be the leading astronomer of his day ; yet it would 
be di£Eicult to find in a single astronomical research of his 
the least practical value ; while certainly in that long 
series of observations on which astronomers base their high 
opinion of him, there was no practical value whatever. Sir 
John Herschel had already devoted eight years of his life to 
the re-examination of his father's work, with the chief end of 
acquiring a mastery over his telescope, when at the Cape of 
Good Hope he began a series of observations which formed 
the exact counterpart of his father's observations in the 
northern skies. Star-guaging, the noting of double stars, 
the search for nebulss— all these lines of research must 
needs advance the science of astronomy, bat not one of them 
has any practical utiUty. 

Nor, even if we toke the weU-merited feme of deparb- 



,.,.d,i. Google 



THE STUDY OP ASTRONOMY. 33 

mental astronomers — if we may so distinguish the workers 
in special branches from men who, like the Herschels, have 
made all astronomy their subject — can we recognise the 
title to such fame in practically useful work. When Adams 
and Leverrier by subtle processes of research showed astro- 
Domers where to turn their telescopes to detect the planet 
whose influence had disturbed the motions of Uranus, they 
were not in any way advancing the material interests of the 
human race. It may happen, indeed, that some of the 
mathematical processes devised or developed by these great 
men may one day be applied in some practical manner ; but 
no one will, on this account, assign such practical results as 
the real title of Adams or Leverrier to astronomical fame. 
Even the practically useful work of an Airy or a Hind is 
not that which is regarded among their fellow-astronomers 
as affording their chief claim to honour. 

In considering astronomy as a subject of study, the first 
point to which we must direct our attention is the mode in 
which astronomical discoveries should be presented. I wish 
particularly to invite attention to the reasons of Sir John 
Herschel's great success in attracting the minds of men to 
a subject which, before his time, bad been regarded as too 
recondite for genera) study. I wish to consider why it is 
that those facts which before his day seemed bewildering 
rather than impressive, became in his hands the means of 
attracting hundreds to the study of his favourite science. 
Herein I have to deal with the workings of my own mind ; 
for, recalling my impressions of astronomical facts as pre- 
sented by those works in which I first studied the science, 
and comparing those Impressions with my feelings in regard 
to the science after I had read Sir John Herschel's ' Out- 
lines of Astronomy,' I find between my earlier and later 
views all the difference that exists between listlessness and 
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The secret of HerschePs success I take to be the feet that 
he is never content with merely stating such and snch cir- 
cumstances about the celestial bodies, but will not leave his 
subject UDtil he has impressed on the mind of bis reader 
his own feelini^ of the reality of those circumstances. It 
would be easy to multiply examples of this characteristic 
peculiarity of his method of teaching ; one, however, will 
suffice, and I take it almost at random : — 

He has described the actual relations of certain double 
stars ; and so far a« the facts respecting these objects are 
concerned, the reader has already had presented to him all 
that is necessary. Then, in that singularly effortless manner 
with which he always passes from description to imagery, he 
proceeds thus : ' It is not with the revolutions of bodies of 
a planetary or cometary nature round a solar centre that we 
are now concerned — it ia with that of sun round sun ; each, 
perhaps, at least in some binary systems where the indi- 
viduals are very remote and their period of revolution very 
long, accompanied with its train of planets and their satel- 
lites, closely shrouded from our view by the splendour of 
their respective suns, and crowded into a space bearing 
hardly a greater proportion to the enormous interval which 
separates tkem, than the distances of the satellites of our 
planets from their primaries bear to their distances from the 
sun itself. A less distinctly characterised subordination 
would be incompatible with the stability of their systems 
and with the planetary nature of their orbits. Unless closely 
nestled under the protecting wing of their immediate 
superior, the sweep of their other sua in its perihelion 
passage round their own might carry them off, or whirl them 
into orbits utterly incompatible with the conditions neces- 
sary for the existence of their inhabitants. It must be 
confessed that we have here a strangely wide and novel field 
for speculative excursions, and one which it is not easy to 
avoid luxuriating in.' 



,.,.d,i. Google 



THE STUDY OF ASTRONOMT. 60 

I have spokeD of the absence of effort which characterises 
the introduction of such passages as tbeae ; and I take it 
that this absence of effort is absolutely essential to their 
effect. It is only when such passt^es are perfectly natural 
— natural not merely in appearance, bat in reality — that 
they arouse the^full Bympatliy of the reader. And their in- 
fluence in this last respect might be taken as no tmsafe test 
of their being purely natural effusions. But in the case of 
Sir John Herschel we have the means of proving, in an in- 
dependent manner, that his most poetical descriptions were 
written, not to display his powers, but because they came 
unbidden to his pen. We have the records of his obsen-a- 
tions as made in the stillness of night, with no thought but 
to represent what he had actually seen ; and among these 
records we come again and again upon passages which no 
one famUiar with Sir John Heracbel's descriptive style could 
for a moment fail to recognise ae his. Here, for esample, 
are a few of his notes respecting the lesser Magellanic 
Cloud : they are taken from the Q-uagebooks : < The access 
to the Nubecula Minor is on all sides through a desert.' 
* The lesser Nubecula is now approaching, but I discern no 
indications in the field leading me to expect any remarkable 
object : on the contrary, the stippled appearance noted 
shortly before is gone, and the ground is black. The ground 
of the sky is completely black throughout the whole breadth 
of the sweep. The body of the cloud is fairly resolved into 
excessively minute stars, whicli, however, are certainly seen. 
It is a fine, rich, large cluster of very small stars, which fill 
more than many fields, and is broken into many knots, 
groups, and straggling branches, but the whole is clearly re- 
solved.' Then, after passing the limits of the cloud, ' here is 
a region of utter baivennesa — a miserably poor and barren. 
region — nwat dreary since the small Nubecula,* Take 
also this sketch of a nebula, and the accompanying sugges- 
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tion as to the constitution of certain regions of space, as 
affording evidence of the style of Herschel's not«-booka : ' A 
beautiful nebula ; it has very much resemblance to the Nu- 
becula Major itself as seen with the naked eye, but is far 
brighter and more impressive in its general aspect, as if the 
Nubecula were at least doubled in intensity. And who can 
say whether in this object, magnified and analysed by tele- 
scopes infinit«ly superior to what we now possess, there may 
not exist all the complexity of detail that the Nubecula 
itself presents to our examination ? ' 

I believe that it is only by presenting astronomical facta 
in this striking and graphic manner that they can be made 
acceptable to tlie generality of readers. This is true, indeed, 
in all sciences ; but it is specially true of astronomy, since 
there is no science where the ^ts are on the one hand so 
wonderful in reality, or on the other so capable of becoming 
unimpressive, and even wearisome, if not earnestly dealt 
with. 

Yet let me in this place note that there ia a fault of a 
different nature than want of earnestness, which equally re- 
quires to be avoided in scientific treatises. I refer to the 
undue familiarity of tone by which sometimes even our 
ablest expositors attempt to descend to the presumed level 
of their readers' comprehension. Even Sir John Herschel, 
it must be admitted, has sometimes condescended to express 
himself in too lamiliar terms when dealing with subjects 
which require grandeur of treatment. Not, indeed (so far as 
I remember), in his ' Outlines of Astronomy,' at least in the 
main text of that noble work ; but in some of his Essays one 
is certainly somewhat startled at times by a familiarity which 
does not seem suited to the nature of the subject-matter. 
For example, I think that, without being hypercritical, the 
astronomer may fairly object to some points in the following 
passage, in which Sir John Herschel is speaking of the sun's 
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attractive energy : ' Even in his capacity ae ruler, the sun is 
not quite fixed. If he pulls the planets, th^ pull him and 
each other ; but such family struggles affect him little. 
They amuse tkem' (the italics are not mine), 'and set them 
dancing rather oddly, but don^t disturb him' Nor again 
can one accept altogether with Batis&ction that passage in 
which, after speaking of a comet ae of a restive horse, 
Herschel remarks, of the first three observations made on 
a comet, that ' the third nails it.' 

The fact is that Sir John Herschel shows his real power as 
a scientific writer only when he deals grandly with grand 
subjects. Through this power he was unrivalled as a popu- 
lariaer of science. But in the less dignified r6le of a femi- 
liariser he was not successful. His gambolling was that of 
Behemoth. Not, indeed, would his failure in this respect 
require notice, were it not that many have been led to follow 
his example in precisely that matter in which it was least 
desirable that he should be imitated. For instance, his 
fashion of calling the solar prominences ' things ' by way of 
expressing their doubtful nature, has been followed as care- 
fully as if it were an ornament rather than a blemish of bis 
style. And one might readily cull from the writings of 
those who have imitated Herschel's familiarity, passages 
which be assuredly would have shuddered at. 

It is not merely necessary that astronomical facta should 
be so presented to the student that he may become possessed 
with a feeling of their reality, but the student cannot be 
rightly said te ' have astronomy ' at all (to use Shakespeare's 
apt expresHion) until he Is capable of picturing to himself, 
however inadequately, the truths of the science. A man may 
have at his fingers' ends the distances, volumes, densitieci, 
and BO on of all the planets, the rates at which they move, 
the physical features they present, and a hundred othei facts 
equally important ; but, unless he has in his mind's eye a 
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picture of the solar syBtem, with all its wonderful varietj, 
and all its yet more amazing vitality, he has not yet passed 
even the threshold of the science. He must be able to con- 
ceive the mighty mass of the sun, ruling from the centre of 
the scheme the whole of that &mily to the several members 
of which he distributes their due proportion of light and heat. 
Close around the sun the student must see the family of 
miaor planets; small Mercury lit up with Inconceivable 
splendour by the sun, round which he speeds with unmatched 
velocity ; Venus and Earth, the twin planets of the solar 
system, alike in all features, save only that Venus has no 
satellite ; and lastly, ruddy Mars, the miniature of our own 
earth. Then beyond the path round which Mars urges his 
course, the student must picture to himself the interlacing 
paths of hundreds of asteroids, tiny orbs compared with even 
the least of the minor family of planets, yet each pursuing 
its independent course around the sun, many doubtless ap- 
proaching almost within hail (if one may so speak) of their 
fellow orbs, and many free to depart far more widely than 
any of the primary planets from the general level near 
which the planetary motions are performed. Then, lastly, 
he should picture to himself that wonderful outer fomily of 
planets, the least of which exceeds many times in bulk the 
combined volume of all the minor planets and asteroids. 
The vast globe of Jupiter circled about by his symmetrical 
family of satellites, the complex syst«m of Saturn, with his 
gorgeous ring-system and a family of satellites the outermost 
of which has an orbit range of more than four and a half 
millions of miles; Uranus and Neptune, brother orbe, almost 
lost in the immensity of their distance — all these planets, 
and all the wonders which the telescope has taught us 
respecting them, should be clearly pictured. In particular, 
the enormous distances separating the paths of these bodies 
from each other, and from the sun, should be clearly appre- 
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bended, and that strangely incorrect picture which defaces 
BO many o> our books on astroDomy, wherein the paths of 
the planets are seen separated by nearly equal diBtances from 
each other, should be as far as possible forgotten. When 
the student has apprehended the fact that the whole family 
of the minor planets could not span the distance between 
the orbits of Jupiter and Saturn, while the distance between 
the orbits of Saturn and Uranus, or of Uranus and Neptune, 
almost equals the full span of the orbit of Jupiter, he hag 
already made an important step from mere book knowledge, 
almost useless (in itself), towards that clear recognition of 
actual relations which should be the true end of scientific 
ttudy. 

But beyond the solar system the thoughts of the student 
of astronomy diould nmge until he begins to apprehend to 
some extent the vastness of those abysms by which our solar 
system is separated on all sides irom the realm of the fixed 
stArs, that is, of the orbs which are the centres of other 
systems like itself. And I know of no consideration which 
tends more clearly to bring this idea before the mind of the 
student than the thought that our sun, with his attendant 
family of planets, is speeding through those abysms with a 
velocity altogether past our powers of conception, while yet 
no signs of his motion, and our motion with him, can be re- 
cognised, even after the lapse of centuries, save by taxing to 
the utmost the powers of our noblest telescopes. The clear 
recognition of this &ct, and of its real significance, enables 
the thoughtful student to become conscious of the vastness 
of the depths separating us from the nearest fixed star, 
even though he can never fonn an adequate conception 
of their tremendous proportions. That within the abysm 
which forms his present domain our sun traverses in each 
second four or five terrestrial miles, while yet he seems always 
to hold a fixed place in that domain, — this is the great fact 
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wbich serves most strikingly to impress upoD as thevastness 
of the interstellar spaceB. 

There is another, however, which deserves mention. We 
commonly find those comets which sweep round the sun in 
parabolic or hyperbolic orbits, spoken of as visitants from 
the domain of other stars. And so in truth they are. But 
how seldom do we find in our treatiseB on astronomy any 
reference to the enonnoua intervals of time which must have 
elapsed since these startling visitants were travelling close 
round some other star, making their periastral swoop before 
setting forth on that enormous journey which had to be tra- 
versed before they could become visible to our astronomers ! 
Taking into account the directions in which certain comets 
have reached us, and assigning to the stars seen in such 
directions the least distances compatible with known facts, 
it yet remains absolutely certain that twenty millions of 
years at leaEt must have elapsed since those comets were last 
in periastral passage. While if, as some suppose, each comet 
(even those which now circle in closed orbits round our own) 
ha£ flitted from star to star during a long interstellar exist- 
ence, the mind shrinks utterly before the contemplation of 
the vastness of the time-intervals which have elapsed since 
those journey ings first commenced : yet these time-intervals 
afford but an imperfect means of estimating the scale on 
which the sidereal system is built. 

I will not dwell here on those further conceptions — equally 
necessary, I take it, to complete the picture which the true 
student of astronomy should have present in his mind — 
which relate to the constitution of the sidereal spaces, to 
the motions and changes taking place within them, and to 
the relation which the various forms of matter existing 
within those spaces bear to each other, or to the forms with 
which we are familiar. It is to be remarked, as regards 
many of these conceptions, that their nature will depend on 
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the views entertained by the student respecting the accmracy 
of the various theories which Kepler, Wright, Kant, Lam- 
bert, Mitchell, the Herschels, Stnive, and others, have formed 
respecting the way in which the various objects revealed by 
the telescope are distributed throughout surrounding Bpace. 
But even though doubt must needs at present rest on many 
points, yet what is actually known is sufficient to form a 
picture full of interest as respects all its visible details, and 
not the less impressive, perhaps, that a large portion of its 
extent is still hidden in darkness and mystery. 

It is little necessary to point out that the course of study 
by which astronomical relations may thus become clearly 
pictured must needs form a valuable mental training. 
Whether we regard the careful analysis of the evidence on 
which astronomical facta rest, the study of the various £act« 
as they are brought, one after another, to the student's know- 
ledge, the due co-ordination of each with its fellows, or, 
finally and chiefly, that intention of the mind on the com- 
plete series of facta by which alone their real significance 
can be apprehended, we see in astronomy the apt means for 
diaciplining the mind, and fitting it for the noblest work of 
which it may be capable. But, besides the study of astrono- 
mical facts, we must consider here the actual study of the 
heavens, either with the unaided eye or with the telescope. 
I speak of the study of the heavens with the unaided eye, 
though many in this age of cheap telescopes may be inclined 
to smile at the thought that such study can have any value 
either to the student or to the science of astronomy. As a 
matter of fact, however, I am of those who believe that much 
may still be learned even from the study of the stellar heavens 
without optical instruments of any sort. I would point, in 
corroboration of this view, to the work done by Argelander 
in thia seemingly so limited field ; to our still incomplete 
knowledge of the meteoric facts which naked-eye survey 
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U capable of revealing ; and, lastly, to the fact that, from 
the study and charting of those atara alone which are visible 
to the unaided eye, I have myself been led to results tending 
to render untenable the whole system of sidereal astronomy 
as presented in our text-books.* I need hardly say that I 
reject altogether the notion that a telescope of even mode- 
rate power must needs be useless because in our day there 
are so many powerful telescopes, mounted in well-fitted 
observatories, and in the hands of men who are certainly 
not ill qualified to carry out original investigations. 

Now I think that nothing can exceed in value the prac- 
tical study of astronomy by the direct survey of the heavens. 
Setting aside the fact that it is ia the student's power to add 
to our store of knowledge, it is of the utmost importance 
that he should become directly cognisant of astronomical 
facts, whether those facts be the seeming motions of the 
celestial bodiefl, the telescopic aspect of the sun, moon, 
planets, stars, and nebulae, or the statistical relations, 
changes, motions, and so on, of the stars of various orders. 
A student of astronomy whose knowledge is partly founded 
on actual observation holds all his knowledge with iar 
securer gra^p than one who has devoted his attention, 
however earnestly, to the acquisition of book-knowledge 
alone. 

Yet I find it impossible to pass this point of my subject 
without a word of protest against the use to which the tele- 

* Of course, tbe weight of this evideDee will depeod od the oTBiibul mccspt- 
ance or rejection of the Tiews whieh I h»Te foondod on th« above-meDtioned 
resrarchsB. But whether my vxewa bo acospWd or rejecttd (and I mnat fnnVly 
state that I ha»e not the least anxiety aa to their fate), the &cts I b»Ta 
brought fomard mutt be oipIalnBd; and howoier explwned, thej muat bott 
to a gceatec or Icts extent on out theories respecting aidereal astronomj. The 
a^TPgation of stare in certain regions, and their segregation from othera, for 
instance, may be regarded otherwise than I regard these facta ; but the facta 
are there, and they have reaolted from the surrey of that which so many mia- 
tnkenly suppose to be nn eihausted region of astronomy— the teUtions, 
oanely, preMuieU by otyects Tisibfa to the unaided eye. 
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scopes now erected in every part of England are, with few 
exceptions, being devoted. One can understand that a 
person who has been led by the study of astronomical works 
to possess himself of a telescope of greater or less power, 
would in the first place turn it as opportunity permitted 
towards the various objects of which his books have informed 
him. One can understand that he would tax the powers of 
bis instrument in attempting to recognise tbe spots on VenuB 
or Mars, the more delicate details of lunar scenery of of the 
sun's surface, the belt« of Jupiter, the features of the 
Satumian rings, the duplicity of the closer double stars, 
and the characteristics of those exceedingly diEQcult objects 
of study, the ndniltB. But it cert&inly does seem a misfor- 
tune either that the work should stop here or that work of 
this sort should be ooatanued year after year without aim or 
purpose. Yet in one or other of these ways, not merely the 
hundreds of cheap telescopes at this moment in the hands of 
amateur observers, but numbers of the finest telescopes 
which our Gookes, and Brownings, and Dallmeyets have 
turned out from their manu&ctories, are simply lost to the 
cause of astronomy. A fine instrument is purchased, and 
erected in a well-fitted and costly observatory ; and during 
the fiist weeks aftec its erection the purchaser turns it on 
some of the objects be has read about. Then presently bis 
enthusiasm is exbaosted, and the telescope is no more used, 
save perhaps to amuse visitors. Or, else, the telescopist's 
enthusiasm waxes fiercer ; he passes night after night in his 
observatory, making his life a burden by unceasing efforts 
to just see with his telescope what one a little lai^er would 
show him easily ; he sets bis clocks and watches and all bis 
neighbours' clocks and watches by transit observations ; he 
notes down (to the second or third decimal place of seconds) 
the epochs when the moon occults stars or when Jupiter's 
satellites are eclipsed or occulted ; and he seemingly remains 
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all the while uncoiiBcious of the fact that twenty times bis 
misplaced energy devoted for twenty lives to such work as I 
have described would produce results simply worth Jtothvng. 
This rule I suggest to every possessor of a telescope as 
oDe which should be written in letters of gold in his obser- 
vatory, or, rather, as one which should be kept continually 
in his thoughts while working there : Every obaervcUion not 
intended as a rnere rdaxation from, real work ahovid he 
intended to ascertain some as yet unknown fact. Grant 
that the feet sought after may turn out when found to be 
an unimportant one, or even that after much labour no new 
feet may be revealed at all. In any long series of researches 
it must needs happen again and again that labour is wasted. 
But there is all the difference in the world between labour 
wasted unavoidably, and the deliberate employment of time 
and labour in purposeless observations. Bernard Palissy 
wasted years of labour, and all but ruined himself, in seeking ■ 
to master the secrets of pottery ; yet bis successive failures 
were justified by hia final success — nay, they would have 
been justified by his purpose even though be had failed ; but 
no reasoning can justify the successful labours of the man 
who constructed a carriage complete in all its parts, which 
the wing of a fly could completely cover. The true astro- 
nomer finds it difficult to forgive the telescopiste who suc- 
cessfully imitate the work done at Oreenwich in systematic 
observatory work of the most utterly valueless nature, while 
he can admire the unsuccessful labours of Sir William 
Herschel directed to the inquiry whether the planet Uranus 
has rings. 

It will be obvious that careful attention to the rule I 
have stated above will not merely lead to the devisal of new 
applications of telescopic power, but is likely to surest 
to the ingenious observer new ways of supplemeuting the 
powers of his telescope. It is only necessary to consider the 
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various contrivances suggeated by that prince of modem 
observers, the late Mr. Dawes, to see how, without very 
heavily taxing his inventive or constructive powers, the 
observer may enter on researches which his telescope as it 
came ft'om the hands of the maker would not have enabled 
him to carry out successfully. Nor can one study the 
labours of any of our more successful observers without 
seeing how very re^ly new researches may be effected by 
contrivances of extreme simplicity. 

I would next invite attention to the absolute necessity of ' 
independence of mind in the study of the noblest of all the 
sciences. I would not indeed advocate a readiness to dispute 
tbe diets of the great men who have devoted themselves to 
the advancement of astronomy ; nor again is it fitting that 
the student should attempt to make independent inquiries 
into matters belonging to such branches of the science as he 
-has not yet familiarised himself with. It is neither dispute 
nor cavil that I advocate, but the careful examination and 
analysis of all statements submitted to the student's con- 
sideration, and the attempt to render the subject as far as 
possible bis own by such a survey of the evidence as will 
suffice to give him independent reasons for believing in the 
correctness of the conclusions of hia teachers. It will not 
un&eqaently happen that while thus engaged he will detect, 
or imagine that he has detected, errors of greater or less 
importance. He should be prejjared to find that in most 
cases these seeming errors have no real existence, but 
arise ft'om misapprehensions on his own part — a circumstance 
which will of itself serve to convince him of the extreme 
importance of the kind of investigation by which such 
misapprehensions have been brought to light. But in other 
instances be will find that there has been a real error in his 
text-book — a fact which will equally convince him of the 
importance of the careful analysis of all statements lying 
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vithin his lange of investigation.* I would quote here the 
words of ProfeaBOT Huxley, both ae to the value of scientific 
doubt, and as to the nature of that sort of doubt which the 
student should alone permit himself : ' There is a path that 
leads to truth Bo surely, that anyone who will follow it must 
needs reach the goal, whether his capacity be great or small. 
And there is one guiding rule by which a man may always 
find this path, and keep himself from straying when he has 
foimd it. This golden rule is, " Give unqualified assent to no 
propositions but those the truth of which is so clear and dis- 
tinct that they cannot be doubted." The enunciation of this 
first commandment of science consecrates doubt. It removes 
doubt from the seat of penance among the grievous sins to 
which it had long been eondemned, and enthrones it in that 
high plEice among the primary duties which is assigned to it 
by the scientific conscience of these latter days.' But ' you 
must remember that the sort of doubt which has thus been 
consecrated is that which G-oetbe has called "the active 
scepticism, whose whole aim is to conquer itself; " and not 
that other sort which is bom of flippancy and ignorance, and 
whose aim is only to perpetuate iteelf as an excuse for idle- 
ness and indifference.' 

I have not hitherto referred specially to the grandeur of 
the facte with which the student of astronomy becomes 
acquainted. Certainly in this respect Astronomy stands 
before all other sciences. Geology alone approaches her in 
respect of the vastness of the time-intervals which either 

* The Decenitj of such inqnirj is iDcroased b; the circumstance that Um 
often the Btatements made in ono work on aatronomy are repeated withoDt 
modifleation or ezamiDation in odien, tlieiiM lo be reqnotcd in other irorka 
with, perhaps, fresh erron due to misprints, misapi^ehenaion, &c. For in- 
Manee, I have noticed that in a populnr text-book of astronomy, from min- 
■pprehenmon alone, two ont of three methoda of determining the longitade 
haTe been wrong!; deacribed, and in thru tcver^ iiulancet the actnsl reverse 
of the truth has been asserted io the explanation of so simple a matter as the 
equation of time. Maj it not be queatimed how far it ia just tiiat thoM who 
hare BtiU so much to learn should undertake to write text-books of science ? 
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presente to oor contemplation. But as respects 
extension in space, the domain of geology is utterly insigni- 
ficant by comparison with even the threshold of that vast 
domain into which astronomy invites ub. The geologist's 
field of research is indeed, as the most distinguished living 
geologist has remarked, < insignificant when compared to the 
entire globe of the earth ; ' and astronomy teaches us to 
regard that globe, and even the system to which it belongs, 
as occupying the merest speck of space by comparison with 
the visible portion of the star-system ; while the spliere 
enclosing all the stare visible to the naked eye is small by 
comparison with the spaces revealed by the telescope, and 
infinitely small by comparison with those spaces whose 
existence is suggested 1^ telescopic researdi. Nor is even 
the vastnesB of the domain of astronomy the noblest feature 
of the science. The wonderful variety recognised withip 
that domain is perhaps but faintly pictured in the solar 
system with all its various forms of matter — sun, primary 
planets, and moons; major planets, minor planets, and 
asteroids ; planefc^rdling rings, meteoric syKtems, and 
comet« ; with perchance other forms of matter hitherto un- 
recognised. And beyond the wideness of the domain of 
astronomy and the amazing variety recognised within that 
domain, there remains the yet more impressive lesson taught 
by the infinite vitality which pervades every portion of 
space. I apprehend that if such powers of vision, and also 
(for they would be even more needed) such powers of con- 
ception, were given to the astronomer that the extent of 
that domain which the telescope has revealed to man could 
be adequately recognised, while he further became cognisant 
of the way in which the various portions of that domain are 
occupied, that, deeply as he would be impressed by the 
amazing scene, the sense of wonder he would experience 
would sink almost into nothingness by comparison with that 
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which would overwhelm him could he recognise with equal 
clearness the tnovements taking place amongst the orhs 
presented to his contemplation — could he see moons and 
moon-systems circling around primary planets, these urging 
their way with inconceivable velocity around their central 
euns, while amid the star-depths the suns were seen swiftly 
travelling on their several courses, star-streams and star- 
clusters aggregating or segregating according to the various 
influences of the attractions to which they were subject, and 
the vast spaces occupied by the gaseous nebulae stirred to 
their inmost depths by the action of mighty forces whose 
real nature is as yet unknown to us. The mind cannot 
but be strengthened and invigorated, it cannot but be 
purified and elevated, by the contemplation of a scene so full 
of magnificence, imperfect though the means be by which 
the wonders of the scene are made known to us. The in- 
formation given by the telescope is indeed but piecemeal, 
and as yet no adequate attempts have been made to bring 
the whole array of known facts as far as possible into one 
grand picture ; but, seen as it is only by parts, and (even 
so) only as through a veil and darkly, the scene presented 
to the astronomer is the grandest and the most awe-inspiring 
which man can study. 

Frata't Magarine for September 1871. 
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Of the planets within the orhit of Uranus, Mars appears, at 
fisat sight, to he the least inviting object of study to the 
observer armed with moderate telescopic power. Jupiter, 
&om the noble aspect of his disc, and the ever-varying con- 
figurations of his attendant orbs, is among the most chann- 
ing of teleecopdc objects. With a telescope of somewhat 
higher power than that available for the study of the larger 
planet, Saturn bears away from him the palm for splendour 
of appearance, and for the wonderful yet symmetrical 
beauty of his attendant system. Venus and Mercury, in 
a lesser degree, although both are ' difficult ' objects, yet 
attract the young observer, by the lowneaa of the powers 
with which their varying pba&es are made conspicuously 
visible. Mars, on the other hand, presents no features 
which a telescope of very low power can reveal ; and even 
with a telescope of considerable power, some patience, com- 
bined with skill and practice in observation, are required to 
enable the observer to interpret satisfactorily the phenomena 
presented to him. Yet it must not be forgotten that, of 
aU the planets. Mars is that which is in reality the most 
favourably situated for telescopic research ; or, rather, it 
would not be saying too much to assert that Mars is the 
only object in the heavens whose examination is capable of 
supplying an answer to some of the questions which most 
largely interest the thoughtful mind. With the telescopes 
yet constructed, indeed, it were too much to hope that very 
■ 
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exact infonnatioD as to the physical condition of Mare 
should be gleaned, under whatever circumBtances the planet 
may be observed ; nor would the simple increase of magnify- 
ing power, which the past history of the telescope leads us 
to hope for and expect, conduce greatly to the attainment 
of the above-named object. But it does not seem too much 
to hope that some day (haply not so for distant) the lesson . 
taught us by Professor Smyth's Teneriffe experiment will be 
appreciated aa it deserves. Then a telescope surpassing in 
power any yet constructed shall be placed where alone the 
power of such an instrument can be efficiently exerted-— 
where Newton long since told men that such an instrument 
should be placed — far above those denser atmospheric strata 
whose disturbances never cease, and are magnified and 
aggravated by every increase of telescopic power. When 
this is done, we may look in Mara for that which has long 
been sought for fruitlessly upon the lunar surface^the 
signs of life, of change, of progress, of decay. In one 
point, indeed, Mare has already supplied such evidence ; 
since, as we shall presently see, he exhibits, in regular 
succession, appearances corresponding to changes well known 
to be taking place regularly upon otu- earth. 

There is another circumstance which tends to heighten 
the interest with which the astronomer regards this small 
planet. Its motions, watched for many long years by Tycho 
Brahe, and studied for twenty yeare by the ingenious Kepler, 
were the means of overthrowing for ever the elaborate 
system of errore and hypotheses known as Ptolemaic astro- 
nomy. They afforded also to Newton the first hint on 
which he founded the law of universal gravitation. The 
figure of Mars'a orbit, and the relation which that orbit bears 
to the orbit of our earth, rendered the planet the most 
fitting, one may almost say the only fitting, member of the 
solar system for the purposes Kepler had in view. 
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As it is oecessar; for the right understanding of the 
appearaoces presented b^ MarB at successive returns to 
oppoeitioa that the nature of his orbit should be rightly 
understood, I shall solicit the reader's patience while I run 
as briefly as possible through the points of chief importance. 
This is the more necessary because no popular work on 
astronomy (that I at least have ever met with) presents with 
any approach to accuracy this very important feature of the 
flolar system. Even that admirable and interesting work, 
G-uillemin's ' Heavens,' deals very inadequately, though at 
some length, with this question. 

In Plate II., EjEjEgE^ represents the orbit of the earth, 
and M,MjM,M^ that of Mars. M is the perihelion of Mark's 
orbit, which, it will be observed, is noticeably eccentric (C,, 
the centre, being 13,000,000 miles from the sun), M' the 
aphelion ; E is the perihelion of the earth's less eccentric 
orbit (whose centre is at C,), E' the aphelion. The arrows 
indicate the direction in which both planets revolve around 
the sun. The plane of Mars' orbit is inclined at an angle 
of 1° 51' 5" to that of the earth, the points marked Si and 
Q being those at which the' orbit of Mars intersects t)ie 
plane of the earth's orbit ; at M, and M, Mars attains his 
greatest distance from the plane of tbe earth's orbit, the 
Ehort arrow indicating, as nearly as possible, on the scale of 
our figure, the distance at which Mars is above and below 
the plane of the ecliptic at these two points respectively. 
Of the absolute dimeasions of the two orbits, it will be 
sufficient to say that the greatest and least distances of tbe 
earth from the sun are respectively 93,190,000 and 90,1 10,000 
miles, the greatest and least distances of Mars 152,670,000 
and 126,620,000 miles. 

Mars takes 686-979 days in completing one circuit around 
the sun ; thus it is easily calculated that the mean interval 
between successive oppositions is 779*836 days. Owing, 
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however, to the great ecceotricity of Mars's orbit, and the 
consequent considerable variation in the rate of bis motion 
around the sun, the BUcceeeiTe synodical revolutions of the 
two planets vary in length, being greater or less according 
as oppoBition occurs near perihelion or near aphelion re- 
spectively. The positioDB of the oppositions from 1867 to 
1881, marked in Plate II., will be sufBcieat to indicate this. 
The line of opposition travels round in the order of the 
signs. After travelling tmce round the zodiac, the line falls 
very nearly in the position it had at starting, such double 
revolution occupying thirty-three years, in the course of 
which Mars has been fifteen times in opposition. 

It will be obvious, from a moment's inspection of Plate II., 
that the appearance presented by Mars, when in opposition 
near M," must be very different to that presented when he 
is in opposition near M' : the distance of Mars in the former 
case being less than his distance in the latter case in th-i 
proportion of about 19 to 37 ; or, in miles, the former dis- 
tance is 34,140,000, the latter 61,860,000 miles. Hence 
arise variations in the magnitude of the .disc presented by 
the planet ; and since Mars in perihelion is more brilliantly 
illuminated than when in aphelion, his apparent brightne&$ 
is yet further increased. By the first cause his brightness 
is increased as the squares of the numbers 37 and 19, and 
by the second as the squares of the numbers 41 and 34 ; or, 
on the whole, his brightness, when in opposition in perihe- 
lion, is about five times as great as his brightness at oppo- 
sition in aphelion. So bright does be appear, when the 
first conditions are nearly approximated to, that his appear- 
ance has caused alarm to the uneducated. Theoretically, 

* Oinng to the eccsntncitj of the eaidi's orbit, and the cireumBtance thnt 
the perihelia of the tvo orbits hare diRereot positiooE, M ia not abaolntelj 
the point of Mars's orbit wMcb lies nearest to the e*rth'« orbit. The point of 
near«st approach preeedtt M b; a small aic, which (were it vorth while) it 
would be ea»j to ^coUte. 
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indeed, he ought to appear brighter at such times than 
Jupiter himself at his brightest, since the disc of Mars, 
smaller than that of Jupiter in the ratio of 24 to 49, ia 
more brilliantly illuminated in the greater ratio of 472 to 
126, so that Mars should appear brighter than Jupiter in 
the ratio of about 5 to 3. Jupiter, however, sends us more 
light, probably because bis atmosphere bears large belts and 
masses of clouds capable of reflecting light very perfectly, 
and also preventing the loss of light whi<A would accrue in 
the double passage through the planet's atmosphere. The 
studies of our leading astronomers and pbysieista leave little 
doubt that the light by which we see Mars has suffered 
diminution in this way to a very considerable extent. 

Oppositions of Mars near perihelion oecur at intervals 
of fifteen and seventeen years successively. Sometimes it 
happens, as in I860 and 1862, that two successive of^sitions 
occur at nearly equal distances from perihelion ; it follows 
that the next opposition near perihelion (in 1877) will fall 
midway between these positions, or very much nearer peri- 
helion than either of the two others ; in other words. Mars 
will be very favourably atuated for observation in 1877. 
Much of the superiority of perihelion-oppositions is, how- 
ever, lost in OUT northern latitudes, since these oppositions 
occur in August ; and the sun being high by day, it follows, 
of course, that the ecliptic (near which Mars is always situate) 
is low by night. On the other hand, it is clear from the 
iigure that, if Mars is in opposition in midwinter, when of 
course he has a considerable altitude at night, he is too 
near aphelion to be favourably seen. On the whole, it 
follows that the most favourable season in which Mars can 
be in opposition, is towards autumn (when he is near 8 
of Plate II.). At this season, while not very far from peri- 
helion, he attains an altitude of from 55° to 60" on the 
meridian. Such an opposition took place in 1662, when very 
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admirable riewa of Mars were obtained by Messrs. Dawes, 
J-ockyer, and Phillips, and by others of our best observers. 
The opposition of 1864 was also a rery fovourable one. 

But another circumstance remains to be considered. The 
planet, rotating on an axis considerably inclined to the plane 
of the orbit (and also to the ecliptic), presents at different 
seasons different aspects, not only with reference to the eim 
but also to the observer on the earth. At one time his north 
pole is bowed down towards the sun, at another his south 
pole ; and the same relations, only in a somewhat more 
complex order, are maintained with respect to the earth. If, 
then, the astronomer would rightly study the peculiarities of 
our neighbour Mars, he must examine the planet at opposi- 
tions occurring in every part of its orbit. 

As respects the inclination of Mars's axis to the plane of 
his orbit, and the other elements on which his seasons and 
the appearance he presents to us depend, we have the deter- 
minations of Sir W. Herschel. He estimated that the North- 
Ifartial spring occurs when the planet is in longitude 79° 28' 
(the longitude indicated in the figure is 78°) ; the obliquity 
of the Martial ecliptic he set at 28° 42' ; and the inclination 
of Mars's equator to the earth's orbit at 30° 18". I fear it will 
be considered somewhat rash to impugn results obtained by 
8ir W. Herschel. Standiog, as he does, in the very foremost 
rank among observers, and fcLCnle princepa as an interpreUr 
of observations, astronomers justly look on his opinioaa 
almost as laws. Yet I think. If we consider the nature of 
the observation, and the character of the instruments used 
by Herschel, we must admit the fact that he attributed to 
his results an exactness they were not capable of possessing. 
The pictures of Mars given by Herschel are sufficient to 
show that the instrument he used was far inferior in defining 
power to those with which De la Rue, Dawes, Lockyer, and 
Phillips have examined the planet. Now, let us see on what 
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indications furnished by Mare (thus viewed) Herschel founded 
the detenniuatioiiB aboye recorded. Beferring to the paper 
in the * Philosophical Transactions,' " we find that the indi- 
cations he trusted to were the motions of BpotA acroes Mars, 
and the appearance or disappearance of certain bright spot« 
near the Martial poles. In fact, from the nature of the case, 
it is obvions that no other sort of evidence was available. 
The necessary observations were repeated at intervals, as the 
weather permitted, and carefully reduced (on just mathema- 
tical principles) in accordance with the motions of Mare and 
the earth in their r^pective orbits. Now, if we consider the 
minuteness of the disc presented by Mars, the variable 
appearance of the spots and points upon his surface, and the 
extreme difficulty of assigning, with any approach to exact- 
ness, the period or place at which a spot or point becomes 
visible on the edge of a rotating sphere, even when such 
sphere is distinctly (and permanently) marked, we shall see 
that, even with the beat modem instruments, it would be 
impossible to determine the inclination of Mars's axis within 
two or three degrees, or the place of bis vernal equinox 
within seven or eight d^ees. Those who are best able to 
appreciate Hergchel's work as an astronomer will be precisely 
those who will most clearly recognise the difficulty of the 
problem he attacked. It is td be wished that some of our 
modem ohservere would re-examine the subject. That very 
little attention has been bestowed upon it by writere on 
astronomy will be evident from this, that the numbers given 
by Herschel are repeated, not only without comment, but even 
withont those changes which the variations in the orbit of 
the planet render neceesaiy. Given the position of Mars's 
axis with respect to Ms orbit, and the position of Me orbit 
with respect to the earth's, then the position of his axis with 
respect to the earth's orbit follows at once. If either of the 
* FMl. Tsant. 1TS4, p. 211. 
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data vary, the result will v&ty. Now, the second datum has 
varied largely since Herschel's time ; but no correepouding 
variation in the angle 30° 18' (named above) has been intro- 
duced into out works on astronomy. 

The diameter of Mars is difi'erently estimated by different 
astronomers. In Madler's ' Elements,' 4,070 miles is as- 
signed as the planet's eqtiatorial diameter. Moat observers 
assign a larger diameter : Hind, in Mr * Astronomy,' giving 
the planet a diameter of 4,500 miles. These estimates are, 
of course, founded on the old estimate of the sun's distance. 
It seems probable that 4,150 miles on that estimate, oi 
4,000 miles, if the modern reduced estimate of the sun's 
distance is accepted, is not very far &om the true diameter 
of the planet. In other words, the linear dimensions of 
Mars are about one-half those of the earth, or twice those 
of the moon. More roughly, his surface is about one-fourth 
that of the earth, or four times that of the moon ; and, yet 
more roughly, his volume about one-^eighth that of ^e 
earth, or eight times that of the moon. 

Herschel determined the compression of Mars at -^. 
Modem observers greatly reduce this quantity. Professor 
Kaiser, of Leyden, makes the compression ^^ ; Main, of 
the Radcliffe Observatory, deduced -^ in 1862, but in some 
earlier measurementB made the polar greater than the equa^ 
torial diameter. Mr. Dawes, applying two modes of mea- 
surement, found, from the first, no compression ; from the 
second, he found the polar greater than the equatorial 
diameter. Is it going too far to say that the oblateness of 
Mars' figure is not yet determined eatisfactorily ? Probably 
it is too small for measurement. 

Herschel made Mars's rotation-period 24 h. 39 m. 35 s. ; 
Madler gives 24 h. 37 m. 23-7 s. ; and Professor Kaiser con- 
siders 24 h. 37 m. 22-6 s. the true value. My own estimate of 
the rotation-period is 24 h. 37 m. 22-735 b. (see Appendix A). 
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It is not to be asEumed that Mars presents at all seasons 
identical features. It is found, in fact, that, besides periodic 
changes in the dimensions of those two white caps near the 
polar regions which have so long been recognised as 

The asmrj poles of moodesB ISaxt, 

the details of other portions of his surface vary from time to 
time. Spots and patches clearly made out on one occasion 
appear blurred and indistinct on another — though the same 
telescope may be used, and our own atmosphere (as tested 
by the performance of the telescope on double stars) may be 
in a state as well suited for definition. The colour of the 
planet is also variable ; the redness (compared to a faint 
tinge of Indian red by some observers, and to a coppery 
tint by others), and the greenish-grey tint of the darker 
parts of the disc, being much more marked on some 
occasions than on others. Another phenomenon — the pale- 
ness of the disc round the edges — is also variable. 

The variations in the appearance of Mars are clearly 
explicable on the natural hypothesis of an atmospheric 
envelope, such as that surrounding our own earth, bearing 
clouds and mists over the sur&ce of the planet. Judging 
by the analogy of our own earth, we may consider that the 
planet's cloud-covering would vary in density not only from 
place to place upon the surface, but, considered as a whole, 
from season to season, and from year to year. It gives a 
high Idea of the difficulty of the problem attacked by 
astronomers, in examining Mars, to note that, for favourable 
research, we must have a fine night upon our earth, and a 
clear day on Mars, combined with favourable circumstances 
of distance, altitude, and presentation ; that we cannot 
watch the planet through any single Martial year, but must 
be content to piece in the observations of dififerent seasons 
of different years ; and, finally, that Mars, when in opposition 
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tat the solstice of one of bia hemispbeies, is searly twice as 
far from us aa when in opposition at the corresponding 
solstice of the other hemisphere. 

Ifotwithstanding these difficulties, many excellent drawings 
of Mars have been taken by astronomers, the planet being 
shown in almost every possible presentation. Among those 
who have distinguished themselves in such work must be 
mentioned Sir W. Herschel, Messrs. Beer aod Madler, 
Kunowski, Lockyer, Phillips, and De laKue. The drawings 
obtained by the late Mr. Dawes surpass, however, all others 
in interest. Being desirous of charting the planet, I ven- 
tured to apply to Mr. Dawes for tracings of a few drawings 
taken when the planet was presented in various ways to us. 
With the kindness for which he was so remarkable, and 
which endeared him so much to all who became acquainted 
with him, he immediately sent me ten or twelve drawings, 
and alterwards searched through his note-books for others. 
In all, if I remember rightly, he sent me twenty-one 
drawings, taken in 1852 (a most valuable series in this 
year), in 1856, in I860, and in 1862. 

The task of charting Mars firom these drawings was not 
so easy a one as might at first sight have been supposed. 
Mr. Dawes had taken tbem at various hours, and there was no 
ready means of determining the position of the planet's axis 
in each case. A tentative process had to be gone through 
— for I was anxious that the charting of Mars should be 
independent of all previous efforts in that direction. 

Having calculated the jo'esentation of Mars for the date 
of each drawing, I drew on tracing-paper the meridians and 
parallels properly presented (on the scale — in each case — of 
the corresponding drawing by Mr. Dawes). Then beginning 
with the most promieing view, I placed the tracing-paper 
over the picture of the planet, giving that position to the 
polar axis which correspooded most closely with the assigned 
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position of the polar saow-caps. Then on a projection of the 
meridiaoB and parallels of a globe on the equidistant projec- 
tion, I drew in the lands and seas of Klars as they appeared 
tinder the meridiaD-lines on the tracing-paper. I next 
repeated the procesij for other drawings in which the same 
features were presented. 

At first there was little accordance between the reeults 
thus pencilled on mjr chart>-projection. This was caused hy 
erroneous selections of the axial line of Mars, which — it 
must be remembered — does not correspond with the position 
of the polar snow-caps. But gradually I began to get over 
this difficulty, and the views began to show a much closer 
agreement. Still there were alight discrepancies, and these 
when reduced as much as possible by shifting the assumed 
position of the axis, I was obliged to ascribe to euch slight 
errors as could not fail to appear in drawings so full of 
detail and taken under such circumstances of difficulty as 
were Mr. Dawes' pictures. Therefore, having drawn in all 
the outlines deducible irom pictures nearly approaching each 
other in phase, I considered a 7nean outline taken through 
the others to be«s nearly as possible correct. 

It must be understood that the amount of Mars's surface 
covered by one such series of processes would be very much 
less than a fuU hemisphere, since — firstly, the part of Mars 
near the limb was not drawn in so distinctly in Dawes' pic- 
tures as the rest, and secondly, a small mia-drawing in an 
orthographic presentation of a planet becomes much more 
important as we leave the centre of the disc, so that I did 
not consider myself justified in using those delineations 
which were not near the centre. It must also be remembered 
that, as the drawings were not taken at periods separated by 
regular intervals of Martial time, it was very necessary to 
apply to each a correction calculated according to the true 
value of Mars's rotation-period. Thus it will be understood 
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that before the whole of the surface of Mara had been charted 
a considerable amount of labour had been given to the sub- 
ject. Those who have never tried work of this sort would 
hardly be able to conceive how perplexing it often becomes." 
But one circumstance was very pleasing. I found that the' 
more carefully I worked at the chart, the more thoroughly 
the true value of Mr. Dawes' drawings came out. I had 
had little conception, when I began the work, either o5 
the acuteuesB of his visioa or of the accuracy of his powers 
of delineation. The tracings he sent me were partially 
covered with feintly marked streaks which I had at first 
supposed to be merely random touches thrown in to indicate 
the general appearance of that part of Mars to which they 
belonged. But I soon found that every one of these streaks 
was to be taken as the indication of a Martial marking 
which Mr. Dawes had actually seen. The strange variations 
of figure which a spot on a globe undergoes when the globe 

* Soon atler tba above KateineDt ftppeared, &n attempt was made b; a «rit«i 
in tha Athenamn to hand otct the nenlU of mj laboon to mj irieDd Mr- 
Browning. The latter had, at mj suggestion, made a globe from my equi- 
distant chait of Hani and be had eihibit«d at the BojalSociet; tone brautifol 
Ktereograme of this globe. The globe itself had been exhibited at the meeting 
of the Astronomical Soeietj in May 1S68, with sufficient reference to the 
aaurce vhence its featnras had been copied. But the irril«r referred to, ia 
describing the photographic pictures of the globe, spoke of them as derired by 
Mr. BrowuDg from Nr. Daves' drawings. It appeared to me drainble to 
correct what I at the time regarded as a mere oreniight. Hot, my part of the 
work had been by no means light, and withoat it Mr. Dawes' drawings, bsauti- 
fal Ihougb they were, had giren rery little information as to the areogmphy of 
MuTB. My reclamatioD was not well receired. I was gravely aamred that I 
bad not done what I sapposed ; but that what I had really done wai to AAez~ 
mine the rotation-period of Mars. On my pointing out that this work was 
distinct f^m the other, which was alae mine (my chart being published five 
months before its features were reproduced, without the slighest modification, in 
Mr. Browning's globe), the anonymous writer asserted that his original state- 
ment was i^aile correct; but he suddenly found that the matter was not worth dis- 
puling about,thoughhehadbeenwarm in bis laudations when handing over iny 
work to another. I should add that he had also assigned to Mr. Browning 
the credit due to Prof. Phillips, of having been the first lo construct a glob^ 
of 3IarE. This I corrected, as also did an anonymous correspondent. 
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is looked at in varioue directions, had prevented ine at first 
from recognising the identity of several large markinge. 
Mr. Dawes himself was not aware, in some cases, that a apot 
which was presented with one figure in one drawing was in 
reality the same as one which appeared with a totally dif- 
ferent figure in another drawing. But when due account 



Fio. 1. Chart of Mun on Ueicehn't Frcgectioii. 

was taken of the eSecta of foreshortening, the almost perfect 
correspondence between the different views, indicated at - 
once the accuracy of Mr. Dawes' drawing, and the per- 
manence of the spots which mark the globe of Mars. 

The result was the construction of a chart of Mars con- 
taining a number of features which had not before appeared 
in works of the sort. In my * Half-hours with the Telescope,' 
(Plate VI.), a small copy of the equidistant chart originally 
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drawn b; me is presented. Fig. 1 represents the same 
features on Mercator's projection.* 

A feature of the planet Mars whicb has attracted some 
attention has been incidentally noticed above. I refer to the 
whiteness of the disc near the limb. This phenomenon is 
worthy of a careful examination ; and I believe that the 
true explanation baa not yet been put forward. 

In the first place it is to be remarked that this phenomenon 
is real and not merely apparent. The edge of Jnpiter's 
disc seems to be brighter than the central part, but is in 
reality darker. I believe ninety-nine observers out of a 
hundred would be deceived regarding this feature of Jupiter, 
if they trusted to the unaided eye. \\1iy it should be so is 
not perhaps very easy to eay. Perhaps the contrast between 
the dark background of the sky and the illuminated limb of 
tbe planet tends to give to the latter a brightness which does 
not belong to it. Be this as it may, a eeriea of observations 
which Mr. Browning has lately made of Jupiter, with the 
express object of determining this question, has resulted in 
placing the greater darkness of tbe planet's limb, as com- 
pared with tbe central part of tbe disc, beyond a doubt. He 
used darkening glasses perfectly graduated from end to end, 
and by this means was enabled to obtain the most accurate 
estimate of tbe relative brilliancy of various parts of the disc. 

But the greater darkness of Jupiter's disc near the limb is 
what was theoretically to have been expected. An opaque 
globular body directly illuminated by a distant luminous 
orb should appear brightest in the centre of its disc ; because 
tbe real illumination diminishes as the angle at which the 
light-rays meet the eiuface diminishes, and the apparent 
brilliancy at any point of an object is always equal to the 
real illumination at tbe point. 

■ In mj Other Worldt wi'll be foacd a rolonred eh&rt of Kara on the 
alenograpbic projectJOD. 
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In the case of Mars, then, the apparent illmmoatioa of 
different parte of the disc varies io a manner which is 
directly the reverse of what was theoretically to be expected.' 
Therefore, it behoves us to determine with so much the 
greater accuracy whether the eye may not be deceived in 
this as in the former cane. I believe the experiment applied 
by Mr. Browning to Jupiter's disc has never been applied 
to that of Mars. But, fortunately, a series of photometrical 
experiments by Dr. ZoUner, although not directed to the 
question we are considering, but to the determination of 
the total amount of light received from Mars at different 
epochs, yet affords a satisfactory reply to our doubts. For 
it will be easily understood that when a globe is not illumi- 
nated strictly according to the usual law— but, from some 
reason unknown, presents an anomalous variation of brilli- 
ancy — the total amount of light received &om it at different 
times will not correspond with the estimate deduced accord- 
ing to the usual law. For example: the moon*s light at 
full does not bear to the moon's light at the quarter the 
proportion which would exist if the moon were a perfectly 
smooth globe, and therefore illuminated strictly according 
to the law mentioned above (in dealing with Jupiter). And 
by assuming — what is practically the case — that the illumi- 
nation of the hemisphere of Mars turned towards the sun 
varies according to some law depending merely on the dis- 
tance from the central point of that hemisphere, it follows 
that, by noting the amount of light received from Mars at 
different times — and especially hj comparing the amount 
received from him in quadrature, with that received when 
he is in opposition — it becomes possible to deduce the law 
according to which different parts of his disc are illuminated. 
For although when Mars ia in quadrature his gibbosity is 
not very remarkable, yet the true centre of the illuminated 
hemisphere is removed a considerable distance from the 
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centre of the diac, and the total iUimuDatioD U therefore 
affected in a remarkable manner by the planet's gibbosity. 

Accordingly, Zollner was able to estimate the anomalous 
illiuoination of various pasts of Mara's disc. He had already 
done this in the case of the moon, and had come to the con- 
clusion that the anomalies in the lunar illumination (mean) 
are due to the existence of irregularities orer the moon's 
surface, and he estimated the mean angle of inclination of 
the elopes of the lunar mountains to be somewhat over fifty 
degrees. Assuming that the same explanation held in the 
case of the anomalies of Martial illumination, he found that 
the surface of Mars must be covered with mountains having 
a slope of about seventy-six degrees. 

But this view is surely untenable. We can accept Zollner's 
explanation in the case of the moon ; in fact we may almost 
say that it is obviously the true one. We can conceive no 
other cause available to produce the effect considered, and 
further we see that all over the moon there are mountains 
having very steep sides. But in the case of Mars we cannot 
admit such an explanation, because a large part of the sur- 
face of the planet appears to be covered with water, and 
because also a slope of seventy degrees and upwards is out- 
rageously steep. Mars ought to be covered all over with hills 
shaped like sugar-loaves to account for his anomalous illu- 
mination in the way su^ested by Zollner. 

To me a far more natural way of explaining the difficulty 
seems to be the following. We have every reason for 
believing that clouds form over the giir&ce of Mars as over 
that of the earth. Secchi, Dawes, Lockyer, and Browning 
agree in describing effects which can scarcely be due to any- 
other cause. And besides we shall presently see that there 
is good reason for feeling absolutely certain that the vapour 
of water exists in luge quantities in the atmosphere of Mars. 
Now, it would not be a very bold speculation to atgue frona 
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the obaerved aDomalies in the illuminatioD of Mars, that 
clouds pravail much more towards (Martial) morning and 
eveDing than in the middle of the day. If this were so, it 
would, of course, follow that the parts of Mars which as seen 
from the sun lie near the edge of the Umb, would be much 
more brilliant than the rest. For they are the parte where 
it is morning or evening with the Martialists ; therefore, 
according to the aseumption, they are cloud-covered ; but 
clouds reflect much more light than the solid or liquid sur- 
face of Mars ; therefore these part« of the disc would ieem 
proportionately more brilliant. 



Fra. 2. EzpUining tlw brightncia of Ibe «dge of the diw of Han. 

But we are not even required to make such an awumption 
as this. For if clouds were pretty imiformly dintributed 
over the whole sur&ce of Mars there would still result a 
greater brilliancy of the limb. Consider Fig. 2 for example. 
Here a fourth part of the circumference of Mara is supposed 
to be illuminated by the sun on the left, and clouds ere 
represented which are arranged with perfect uniformity all 
round this quadrant. When the light falls between the 
clouds, it is supposed to be returned after a considerable ab- 
sorption, coiresponding to the shaded spaces. Wbea it falls 
on a cloud, it is supposed to be returned after much less 
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absorption — that ia, to remaio much more briUiaut after 
reflectioD — correBponding to tbe unshaded spaces. And it is 
at once seen that near the limb all the light is (in this ima- 
ginaiy case) derived from reSection at the clouds, whereas, 
near the centre of the disc, the lai^er proportion is derived 
from reflection at the real surface of the planet. 

There is nothing doubtful in the above explanation, except 
the assumed existence of small clouds — invisible separately 
- to the naked eye. But this assumption seems at once more 
natural, and to explain the diflSculty better than the sngai^ 
loaf mountains of Zollner. 

It may be, however, that when the sun is near the horizon 
of Mars, heavy mists hang in the air, as happens commonly 
enough, with us, both in the morning and in the evening. 
This would account equally well for the observed peculiarity. 

I should be glad to hear that anyone armed with a tele- 
scope of adequate power had done something to t«st the 
climatic relations of Mars, and also the diurnal changes in 
the etate of the Martial atmosphere. By noticing at what 
part of the disc the features appeared most distinct (allow- 
ance being made for real differences in the distinctness of 
the markings), something might readily be done in this way. 
The spectroscope also might be rendered very eflScientiy 
, available in this inquiry. It has been already noticed by 
observers that the winter hemisphere is perceptibly less dis- 
tinct on the whole than the summer hemisphere. But then, 
as there are places on earth where the winter climate is drier 
than elsewhere, so it may be that parts of the winter hemi- 
sphere of Mars may be more distinct than others. In con- 
sidering diiumal changes account must be taken of the 
gibbosity of Mars at the time of observation, because, as we 
have said, the centre of the disc of Mars may be far removed 
from the cflntr^f the illuininated hemisphere. 

Perhaps tb^ most reqiarkable discovery yet .made reppecti 
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ing the physical condition of Mars, is that contained in a. 
communication addressed to the Royal Astronomical Society, 
hy Mr. Huggins, early in the year 1867. FVom this paper 
I extract the following particulars. 

On several occasions during the opposition of 1867, Mr. 
Huggins was able to make observations of the spectrum of 
the planet's light, or, to use bis own accurate jAraseology, 
* of the Rolar light reflected &om the planet.' During these 
observations he saw groups of lines in the blue and indigo 
parts of the spectrum. But the faintness of this part of the 
spectrum did not permit bim to determine whether these 
lines are the same as those which occur in the same part of 
the solar spectrum, or whether any of them are new lines 
due to absorption undergone by the light at reflection from 
the planet. 

He also detected (as in former observations) several strong 
lines in the red part of the spectrum, and it is to these that 
the chief interest of his paper attaches. He saw Fraunhofer's 
e very distinctly, and another line about one-fourth of the 
way from c towards B. As the latter line has no counterpai-t 
in the solar spectrum, it was clearly due to an absorptive 
effect produced by the pUnet's atmosphere. On February 
14, Mr. Huggins was able to detect faint lines on both sides 
of Fraunhofer's s. These lines occupied positions in the 
spectrum apparently coincident with groups of lines which 
make their appearance in the solar spectrum, when the sun 
is low down — so that its light has to traverse the denser 
strata of the atmosphere. It remained however to show that 
these lines were produced by the atmosphere of Mars, and 
not by that of our own earth. This Mr. Huggins effected in 
the following manner : — The moon was, at the hour of ob- 
servation, somewhat lower down than Mare, so that if the 
lines were due to the absorptive effects of our atmosphere, 
they should have been more distinctly marked in the spec- 
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trum of the lunar light tban in that of the light from Mars. 
But wheu tiie Bpectroscope was directed to the moon these 
lines were not visible, thus conclusively proving that the 
lines were caused b; the abeorptive action of the Martial 
atmosphere. Mr. Huggins noticed in confirmation of this 
that the lines seemed more distinct in the light from the 
margin of the disc, but he was not quite certain on tjiis 
point. 

This observation proves the presence of aqueous vapour 
in Uie atmosphere of Mars, since the lines in question have 
been shown te be caused, in the case of our atmosphere, by 
the vapour of water. 

From the spectroscopic analysis of the darker portions of 
the disc of Mars, Mr. Huggins was led to the conclusion 
that these parts are neutral or nearly so in colour. 

He considers also that the ruddy colour of Mars is not due 
to the effects of the planet's atmosphere. Indeed, this seems 
almost obvious when we consider that the polar spots look 
perfectly white, or at least show not the slightest tinge of 
red, although, being situated upon the edge of the disc, they 
should exhibit the effects of the atmosphere's absorptive 
powers more strongly than the central parts of the disc, 
where the light has passed through a much smaller range 
of atmosphere. Clearly we may look upon the red colour of 
parts of Mars as due to the nature of the planet's soil. 

Abridged tiom Papen id the Popular Bcitnet Btvitm for J&nuu; I8C7 
uul Juinuy ISSS. 
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SATURN'S RINGS. 

Thbbk ie DO object in the heavens which is so well calca- 
l&ted to excite our admiration aa the planet Satuiti, when 
observed with a good telescope. The nebulae exhibit to us 
syeteniB which are in reality incomparably more ma^ificent. 
The double etara, rightly imderatood — and especially those 
binary systems whose periods extend over many hundreds of 
years — afford stronger evidence of tlie grand scale on which 
the universe is created. But the evidence which Saturn 
afTords is more readily appreciated. The mind must be 
dull, indeed, which does not recognise at once, in the 
splendid architecture of the Satumian system, the fashioning 
power of the great laws which the Creator has set His 
universe. The beauty of the ffystem, the perfect regularity 
of the gigantic rings, the delicate varieUes of colour which 
the practised observer can detect both in the planet and Us 
attendant ring-system, and the magnificent scale on which 
all these features of interest are exhibited, attract and 
impress the attention ; while the singular problems sug- 
gested by the stability of the rings, or still more by the 
slow processes of change to which they appear to be 
subjected, invit« the exercise of the fullest powers of the 
observer and of the mathematician. 

I propose now to consider some of the discoveries which 
have been recently made respecting Saturn's ring-system, 
and to suggest some processes of observation which, if well 
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carried out, might afford valuable information on tbe 
subject of the rings. 

I shall assume a knowledge on the reader's part of all 
those features of the Satumian system wbich are usually 
described in treatises on astronomy. Nor shall I enter at 
any length into the circumstancea which have led astro- 
nomers to recognise, in the system of rings, the presence of 
a multitude of discrete particles or minute satelliteB, re- 
volving for the most part in one plane around the globe of 
the planet. I must make one or two preliminary remarks 
on this interesting hypothesis, however, lest some portions 
of what follows idiould not seem int«Iligible to those who 
may not happen to be familiar with the views now received. 
It had been shown, by Laplace, that tbe stability of the 
motion of such rings as were supposed to surround Saturn 
could only be maintained by a considerable over-weighting of 
one poriion of each ring, and an equally remarkable eccen- 
tricity of position. Later astrooomefs, admitting this view 
an tbe basis of their inquiry, came to the conclusion that 
the disturbing action of the satellites might cause a ba- 
lancing motion in the ring-system, sufficient at least to 
secure stability, — somewhat as the slight motions by which 
a rod is balanced in an upright position, although these 
motions are severally opposed to the rod's stability, yet, by - 
their united effect give to the rod a comparative 6xity of 
position which the most perfect quiescence of the support 
could not secure. These views maintained their ground 
imtil the discovery of the dark ring, and of tbe strange 
fact that the planet's body could be seen through this 
formation without apparent distortion. The discovery of 
this ring led to a renewed examination of the problem ; and 
hnally Professor Maxwell of Cambridge proved, by a most 
convincing process of matbematicai demonstration, that no 
solid ring could by any possibility continue to exist as an 
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Atteodant upon a plaoet Either the ring would crumble 
into fn^meotA under the influence of the forces to which it 
would be subjected, and these fr^ments would coutioue to 
revolve as a broken ring round the planet; or the ring 
would be more completely destroyed, and would be brought 
to the planet's surfacet Hence we are forced to conclude : 
that the rings, though continuous in appearaifce, consist of 
flights of minute bodies, each travelling on its own orbit 
around the planet. 

But although to the mathematician capable of following 
Professor Maxwell through all the processes of a complicated 
proof, the demonstration of the satellite theory of the rings 
may seem complete, there can be no doubt that the more 
convincing evidence of observation is wanted to bring the 
fact home to the mind of the general student. Now we 
cannot hope that the most powerful telescopes which man 
can construct will suffice to reveal the separate bodies which 
form the ring. When the ring's edge is turned towards us it 
appears as an almost evanescent line of light, and doubtless 
if its figure had not length as well as breadth, we could not 
detect any trace of its existence. Yet there is eveiy reason 
t.o believe that the apparent breadth of that fine line of 
light is many times larger than the apparent diameter of 
any single satellite belonging to the rings. In this way^ 
then, observation is not likely to help us. 

But there is a mode in which evidence might be 
gathered respecting the conformation of the rings, by any 
observer who had patience) to conduct the requisite series of 
observations. 

If we consider the case of a series of flat rings (whose 
thickness may be neglected) 'trmed as the rings of Saturn 
were once supposed to be, we shall see that the apparent 
brilliancy of the rings ought to vary with the amount of 
opeoiugi We do not refer to the total amount of light 
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received from the ring, but to the apparent brilliancy of 
any point upon the system. When a plain sar&ce ia 
illominated, the science of optics tells us that the illumina- 
tion is proportional to the cosine of the anglo of incidence. 
In fact, we know from experience that the higher the sun in 
-above oar horizon the greater is the amount of light re- 
ceived on liie earth's sur&oe around us. Precisely so would 
it be with the rings if they had plane surfaces: And 
flirther, it is a law of optics that the apparent brilliancy of 
any point of a luminous object is equal to the real 
brilliancy at that point, whatever ma; be the distance of 
the obj«ct, or the angle at which the line of light meets 
the surface (neglectiag always — what does not here concern 
us — the influence of anj absorptive medium which may be 
interposed between us and the object). 

Now, this being «o, it is very evident that if the rings 
"Were flat the total amount of light received from them (the 
"ball being suj^sed removed) would be increased, through 
two causes, as the rings opened. First, the increased 
apparent eiae of the luminous surface would have an obvious 
effect. Owing to this cause the illumination would vary as 
the sine of the angle at which the line of light from the 
-earth is in<^ned to the plane of the rings. Secondly, the 
apparent brilliancy of each point of the ring-system would 
"be increased as the sine of the angle at which the sun's 
rays are inclined to the plane of the rings. Thus the total 
amount of light would increase as the product of these two 
«ines, or assuming what is commonly the case, that the 
earth and sim are almost equally raised above the surface of 
the rings, the total amount of light received from the rings 
would vary as the square of either sine. 

But if the Tinga consist of a multitude of discrete satel- 
lites, there must result a different state of things. Take a 
single satellite, and we see at once that so long as the 
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whole of tbie satellite can be seen we ^t the aante amount 
of light from it, whatever the elevation of the bud above 
the mean plane of the rings. And though the problem 
Beems to get somewhat complicated when we consider the 
case of a multitude of satellites, yet it will be fomid, on 
examination, that there is no longer the same variation to 
be looked for as was shown to exist in the former case, 
owing to the sun's change of elevation. In feet, we have 
a c&ee somewhat resembling that of the moon; the illu- 
mination of whose disc has been shown by Zollner not to 
diminish towards the edges according to the varying incli- 
nation of the solar rays to the moon's sor&ce, but rather f<t 
increase ; while calculation has shown the probable reason 
to consist in the &ct that the moon is not a smooth globe, 
but covered with hills and mountains, whofe sides are 
inclined at greater or less elevations to the mean level of 
the lunar surface. 

This being so, two means of observation seem available. 
First, a definite part of the ring's width might be compared 
with the equatorial bright belt of the planet ; the brilliancy 
of that belt being we may assume constant. This method 
would probably involve difficulties; but from the success 
with which Mr. Browning guaged the relative brilliancy of 
different parts of the disc of Jupiter last spring, I have no 
reason to doubt that, with suitably prepared and graduated 
darkening glasses, the comparison might be satis&ctorily 
carried out: then the change of brilliancy of the par- 
ticular part of the ring examined, as the system gradually 
closed, would afford evidence of the nature of that portion 
of the ring, according to the principles enunciated above. 
Secondly, a procem might be applied to Satum, corre- 
sponding to that which Dr. Zollner recently applied to the 
planet Mars. By determining the total amount of light 
received from Satum at successive oppositions, and de<- 
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ducting therefrom tliat portion which: calculation (founded 
«D the light received from the planet when the ring 
disappears) shows to be due to the globe, it would be 
)K)S8ihle to determine according to what law the ring 
varies in brilliancy as its amount of opening changes, and 
thus to determine generally what may be the nature of the 



The result of the application of spectroscopic analysis to 
the rings has been at once interenting and perplexing. The 
spectrum of the planet's light exhibits certain abeorption- 
linea indicative of the presence of vapour. Now Mr. 
JIu^us has discovered that the same lines are present in 
the spectrum of the ring's light also ; and that, of the two, 
the latter spectrum exhibits these dark lines somewhat the 
more distinctly. This result is remarkable. It indicates 
that the amount of vapour through which the light from 
the globe has passed before reaching us is less than the 
umount passed through by the light from the rings. We 
lire accustomed to recc^ise the probability that the globe 
»f Saturn is surrounded by an atmosphere proportional in 
extent to the enormous volume of the planet. - On the 
other hand, the small bodies forming the rings, if they had 
atmospheres at all, would have vaporous envelopes so 
limited in extent, one would suppose — the volume of each 
of these satellites being so minute — that the most powerful 
spectroscope should fail to reveal any trace of its existence. 
Supposing them to resemble oiu: own satellite, but on s 
much smaller scale, their atmospheres would be a million- 
fold too small to produce any distinctive dark lines in the 
spectrum of their light. For though the moon is so much 
the nearest of all the celestial bodies, her spectnua has no 
dark lines other than those belonging to it as formed by 
reflected solar light. '^Iien we remember that Saturn, 
when at his least distance from the earth, is upwards of 820 
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millioDs of miles from ue, or more than 3,000 times farther 
from UB thaD the moon is, the visibility of distinctive dark 
lines in the spectrum of the ring will appear one of the 
most interesting and remarkable results of spectroscopic 
research. It would be perplexing in the extreme if we 
supposed the rings to be continuous bodies ; but accepting, ' 
as we are bound to do, the theory that they consist of 
flights of minute satellites, the result becomes one of the 
most surprising that can well be imagined. 

The explanation I would venture to oflFer of this strange 
phenomenon will, I fear, appear to many unduly speculative, 
if even it do not seem opposed to well-known physical 
laws. In an appendix to my treatise on Saturn, I have 
maintained the view that the -moon has so thoroughly 
parted with its original internal heat that even the gases 
once subsisting on its surface have been transformed into the 
solid form. I was aware when I so wrote, that at the time 
of full moon the hemisphere we see (or a part of that 
hemisphere) is subjected to a heat exceeding that of boiling 
water. An enormous amount of heat poured in this way 
upon the surface of a planet would be rendered latent in 
transmuting but a small portion of the solidified gases into 
the aerial form, and produce no effects observable to us on 
earth; just as the full heat of a tropical siunmer's day 
poured for hours on the peal^s of the Himalayas, produces 
no change which the inhabitant of the valleys can perceive, 
on the snowy masses lying there. If this view were just, 
we should learn to look upon all the satellites throughout 
the eolar system as in a somewhat similar state to that of 
our own moon ; and at first sight the members of the 
Satumian rings would appear, on account of their extreme 
minuteness, to be of all others those in which the cold 
would be most intense. But then a circumstance comes to 
be considered which would have an effect the other way. 
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It is a part of the theory of the motions of eatellite-rings, 
that there would be continual collisions unong the mem- 
hers. I have ehown in full, in Chapter V. of in.y treatise on 
Saturn, how these collisions would arise and how they 
would operate upon the figure of the ring-systein. There 
would be a gradual increase of width, chiefly throu^ the 
approach of the inner edge of the rings towards the planet ; 
and there would aUo be a tendency to the formation of new 
rings within those already formed. But the true signifi- 
cauce of these changes is this, that the whole system must 
be continually imdergoing a loss of vie viva. Every col- 
lision involves such a loss, and the increase in the width 
of the system is in a sense a pleasure of the amount of loss. 
But this increase of widih, though indicating, does not 
compensate for, the loss of vis viva. There is only one 
way in which the loss can be compensated, and that way 
is indicated in a passing manner, in a note at p. 126 of my 
treatise on Saturn. There must be a continual generation 
of heat corresponding exactly to the loss of via viva. Now 
this heat must tend to render the condition of all the 
satellites of the system very different from that of one of 
the ordinary attendants upon a planet. For all must' 
partake in the distribution of this heat; because it is 
absolutely impossible that any single satellite can have an 
orbit which, even for a few hours, can keep it free from 
collision with one or more of its fellows. Thus every 
satellite is kept warm, so to speak, by a process of continual 
friction, and no such process of refrigeration as I conceive 
to have taken place upon the moon, can come into opera- 
tion upon the satellites forming Saturn's rings. Nay, it 
may well be that the heat of these bodies is very much 
greater than the mean heat of our earth's surface. For 
processes of collision fully equal to the generation of such 
heat might be in operation without appreciably affecting 
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the apparent width of the ring-eyatem. And certainly the 
present appearance of the dark ring is such as to enconr^e 
the view that sufficiently rapid changes are in progreBs. 

It would follow irom these views, that the spectrum of the 
ring's light woidd exhibit variations corresponding to the 
various parts of the ring's breadth. Of course, there are 
already well-marked gradations of light in the spectrum, 
because the light is different in different parts of the ring's 
breadth. But the dark lines I have already spoken of as 
distinctive of the ring's spectrum, ought to be more 
distinctly seen in certain parta of the ring on another 
account. For there can be little doubt that the central 
parts of each ring are those at which collisionB take place 
most frequently between the satellites; and, therefore, if 
the cause I have been considering is really in operation, the 
dark lines ought to be seen best in those parts of the 
spectrum's width which correspond to the central portions of 
the rings. The observation might be worth making, though 
it would be one of great difficulty and delicacy. 

Some recent researches by Professor Kirkwood, of Illinois, 
have supplied an interesting and sound proof of the real 
structure of the nngs. They are particularly interesting to 
myself, as affording an unexpected proof of a view I had 
put forward some time since which had seemed to some to 
be more imaginative than well-founded. In the preface to 
my treatise on Saturn, I had said that possibly we may yet 
detect in the Satnmian rings the indications of those 
proceasee by which the solar system bad reached its present 
state. Now Professor Kirkwood's researches tend directly 
to establish such a relation. 

He had shown that when the asteroids are arranged in 
the order of their mean distances, certain well-marked gaps 
are observable, and that these gaps correspond to those 
mean distuices which would give periods commenaurable 
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nitt the period of Jupiter. We know that wheo a planet^ 
bas a period very Dearly commensurahle (according to some 
Bimple relation) with the period of a neigbbouring placet, 
the two bodies disturb each other much more effectively 
than they would if there were so such relation. If one 6f 
the plauets be much lai^r than the other, far the larger 
part of the disturbance falls upon the motions of the 
smaller planet. Saturn, for example, had loag since been 
noticed as having his motions affected by a very remarkable 
inequality ; and the search for a cause resulted in the 
discovery that the peculiarity is due to the relation esistang 
between the motions of Saturn and Jupiter, by which twi 
revolutions of the former planet are accomplished in about 
the same time as five of the latter. The disturbance &II3 
principally on Saturn, as being so much the smaller of the 
two bodies. And as the asteroids are exceedingly minute 
when compared with Jupiter, it is evident that thoie 
members of the system which had periods commensurable 
with his would be very largely disturbed, and so come 
to have another period. Thus we can understand the fact 
that there should be no asteroids at those partjcular mean 
distances from the sun which correspond to the particular 
periods in question. 

But it is clear that if there were any possibility of 
doubting the fact that the asteroids form a zone of dis- 
connected bodies, the circumstance established by Professor 
Kirkwood would prove that fact. If, then, we can trace iu 
the Satumiau ring-Erystem any signs of the action of similar 
processes, we shall have an independent and perfect proof 
that the rings are not continuous, but composed of discrete 
satellites. Now this is precisely what Professor Kirkwood 
;haB been able to do. He has shown that a small satellite 
fa-evolving in the space between the outer and inner ringa — 
I'that is, travelling aroond the black division — would have a 
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period commanBurable not merely with that of the neigh- 
- bouring Satumian satellite, Enceladus, but with those of 
all the four inner satellitee. It remains absolutely certain, 
therefore, that the ring is composed of bodies moving freely 
in definite orbits. And, further, those who agree with ma 
in accepting the nebular hypothesis (or a modification of it) 
as truly representing the mode in which the solar system 
reached ite present condition, will see, in the law established 
by Profesaof Kirkwood, the action of one of the processes 
which must have been most effective in the formation of 
our system. 

This paper would be incomplete if I did not refer to the 
information which Mr. Browning, F.S.A.S., has recently 
obtained respecting the variety of colours observable in the 
Satumian system. I had never been able to recognise any 
veil-marked signs of colour on Saturn with a four-inch 
achromatic refractor.* But not only has Mr. Browning 
himself been able to detect a variety of tinte with his large 
reflector, but I have seen a letter from an observer (using 
a similar but smaller instrument) who refers to the same 
tint-s. These tints are thus compared by Mr. Browning 
with the welUknown colours of the paint-box : — ■ 

'The rings yellow-ochre, shaded with the same and sepia. 
The globe yellow-ochre and brown madder, orange and 
pnrple, shaded with sepia. The crape-ring, purple madder 
and sepia. The great division in the rings, sepia. The 
pole and the narrow belts, situated near to it on the globe, 
pale cobalt blue. These tints are the nearest I could find 
to represent those seen on the planet, bnt there is a 
muddiness about all terrestrial colours, when compared 
with the colour of the objects seea in the skies. These 

* It maM be remcmbeTed tfant imnll ■pertuTM are more ftiToui&ble, ib a mlp, 
lor Ibe eihilritioD of colonr thim Iftrge oneti. In ths case of Satnm, periupf, 
Ui« rule ihonld nthcr bo, ' large apettares aod high puwen.' 
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colours could Dot be seen in their brilliancy and purity, 
uvleea we covXd dip out peneU in a rainbow, and tram*' 
fer the priamalic ti/aia to our paper.^ 

With reference to these interesting and graphic remarkB, 
it must be pointed out that we might reasonably be dis- 
posed to refer phenomena so new and so remarkable to 
some peculiarity either of the telescope or of tbe ob- 
server's vision, were it not that the observed blueness of 
the polar regions at once negatives such a suppositioD. I 
cannot but think the evidence thus afforded of the adapta- 
bility of reSectors to delicate chromatic studies singularly 
striking and convincing. 

The shadow of tbe planet on the ring (see irontispiece) 
is an interesting subject of observi^ion. Singular and as 
yet little understood peculiarities of form have been ex- 
hibited by tlus Miadow, The contrast between the blackness 
of the shadow and the cc4our of the so-called black division 
between the rings, is also well worth noticing. If any 
doubt could remain respecting the constitution of the rings, 
DO argument could be more effectually need in &voiit of 
the satellite theory than that drawn from the fact that 
the division between the rings is not vacant, but occupied 
by some entity or other which supplies a faint but readily 
detected light. I cannot conceive what reasonable theory 
could be nrged in ezplanatioa of this peculiarity, save that 
some minute bodies are travelling within the dark division. 

Papular Seienct Beoieie for July 1889. 



,.,.d,i. Google 



SATUBN' SQUABE-SHOtTLDEBED. 



,.,.d,i. Google 



82 ASTRONOMICAL ESSAYS. 

as a matter of curiosity, to detemuDe the exact figure, on 
the equidistant projection, of the spherical pent^on which 
in my gnomanic maps appears as a true pentagon. I ac- 
cordiugly drew in, iu pencil, first the inscribed pentagon, 
and then (through points determined by their known R. A.'8 
and N. P. D.'s) the five curved sides of the figure I required. 
Thus the sides of the true pent^on formed chords of the 
five sides of a curvilinear pentagon outside the true one. 
But now I could scarcely persuade myself that I had not by 
mistake drawn the convexities of the curves the wrong way; 
in other words, that the curvilinear pentagon I had drawn 
was not a true pentagon, and its sides the chords of a curvi- 
linear pentagon inside the true one. I had, in iact, to take 
a tracing of the curvilinear pentagon before I conld form a 
satisfactory conception of its real shape. 

This illusion seems to have a direct bearing on the ques- 
tion of the square-shouldered figure sometimes assumed by 
Saturn. We see that a iteries of concentric, similar, and 
symmetrically disposed curved lines give to a straight line 
crossing them an appearance of curvature in a direction 
opposite to that of the curved lines. Hence a line drawn 
with a certain slight curvature in the same direction as the 
curvature of the concentric lines would appear straight, and 
a line with a greater curvature would appear to have its 
curvature diminished. Further, if such a line were con- 
tinued beyond the concentric lines, the alteration of curva- 
ture would disappear at a short distance from the concentric 
lines. Hence ^ 's observation of the Battening of Saturn's 
equator, and his determination of a maximum diameter and 
curvature at latitude 43° (not far from the apparent inter- 
section of the ring's outer boundary with the outline of the 
disc), seems to be satisfactorily explained. Yet it cannot 
be denied that there are grave objections to the optical 
explanation of the phenomenon. One would expect that 
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the illuaion would be perceptible in pictures of Saturn ; 
that it would be always observable ; or, if it be supposed to 
depend on the extent to which the rings are open, that it 
would always be noticed when the rings are open to a parti- 
cular extent ; that it would disappear when the rings are 
closed ; that it would not affect micrometrical meaaurement 
— or, if it affected measorement in one case, that it would 
do so in all cases. A perusal of the evidence contained 
in the second edition of my ' Other Worlds ' (pp. 161-165) 
will suffice to show that not one of these conditions is ful- 
filled. 

I venture with great diffidence to offer some considera- 
tions which seem to point to a different solution of the 
diflSculty. 

If we assumed, either that the atmospheres bear any 
proportion to the masses of planets, or that any provision is 
made by increased depth of atmo^here for diminution of 
Bolar heat, we might fairly suppose that the height of 
Saturn's atmosphere is nine or ten times as great ae that of' 
our own atmosphere. Now the earth's atmosphere has been 
supposed to extend to a height of from 100 to 150 miles 
(Nichol's ' Cyclopedia of the Physical Sciences,' Art, ' At- 
mosphere'); but taking the more moderate estimate of 
fifty miles, the height of Saturn's atmosphere might be 
assumed to be from 450 to 500 miles." Our positive evi- 
dence is not, perhaps, very strong. The circumstance that 
the constitution of an atmosphere so far removed admits of 
determination by spectrum-analysis seems to indicate that 
the height of the atmosphere must be considerable. Mr. 
Graver's observation of a penumbra surrounding the planet's 
shadow on the ring (' Astronomical Register ' for August 
1865, p. 212), 'always noticed' even with the moderate 

■ Schrotsr estiraaCed the hnight of the Htmoiphere of Cena at 668 miln (1) ; 
B regolt irhii:h can bardljr ho considered as established. 
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telescopic power applied by this observer, aUo poiats to the 
existence <^ a strongly refractive atmosphere. HerBchel's 
observation of a remarkable retardation of the occultations 
of Mimas and Enceladus has not been confirmed; but, 
perhaps, this ia hardly to be wondered at. There are not 
ten telescopes in the world capable of following these two 
satellites up to the moment of their disappearance, and 
since the date of Herschel's observation there have ouly 
been five intervals, each of a few weeks only, during which 
the observation has been possible. It is true that where 
the &Fther part of the ring appears to meet the disc at an 
^ acute angle, its outline should be distorted if the planet 
has a re&active atmosphere ; but it is easy to see that the 
distortion would scarcely be appreciable even with the most 
powerful instruments, and Mr. Grover's observation above 
recorded is sufficient to show that details observable with 
very moderate powers may for a long time escape observa- 
tion. It will be presently seen that I am not here losing 
sight of the evidence pointing to a reflective power possessed 
at times and in certain latitudes by Saturn's atmosphere. 

Now it has been observed by Professor Challis,* that the 
atmospheres of planets must have certain definite limits, 
since ' the density continually decreasing with the height, 
a point must at length be reached at which the upward 
repulsive force of an atmospheric stratum is just equal to 
the force of gravity ; in which case there can be no down- 
ward repulsive force, and therefore no further extension of 
the atmosphere.' And he considers that the effect of an 
atmosphere on our estimate of a planet's diameter will de- 
pend on ' the relation between the gradation of density of 
the atmospheric strata and the curvature of the globe.' 

■ In an Bxticl* on the ' Indicntions, b; Phenomena, of Atmoophen* to the 
Son, Moon, Bod Quiets,' Nolkt* of Iht Attrenomical Society, toI. ixiii,, i^. 
230~Z3S. 
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This relation may be such that a ray would ' pass thrwigh 
the atmosphere Id a course which grazes, or is a tangent 
to, the interior globe ; ' or else, that rays could not reach 
< the surface of the globe in a direction noaking with it an 
angle less than ' a certain limiting angle. In the first case 
the apparent diameter would ' most probably not be sen- . 
aibly increased ;' in the second, ' the increase would be the 
angle which the whole height of the atmosphere subtends 
at the earth.' Now it is clearly possible that the atmo- 
sphere of a planet might in general exhibit one of these 
relations, but for a season might present the other, either 
over the whole planet or in certain latitudes only. And 
we have distinct evidence that Saturn's atmosphere is of 
variable refractive power : for whereas in nearly all pictures 
of Saturn, and notably in Mr. De la Rue's admirable en- 
gravings, the disc is darker at the edges than at the centre, 
BO that this may be supposed to be the general appearance 
of the planet, the contrary appearance was presented in one 
instance to Bond II., and in another to Chacomac. Now it 
is perfectly clear that, if for a season the atmosphere over 
certain latitudes assumed the second state described by 
Professor Challis, while the remaining part was in the 
former — which we may be perhaps justified in calling the 
normal state — an apparent irregularity of figure would 
result. The outline of the disc would correspond in the 
former latitude to the upper limits of the atmosphere, in 
the latter to the limit of the interior globe ; and we may 
suppose that in the intermediate latitudes the outline 
woQld pass from one limit to the other by indefinite gra- 
dations. There are reasons also for supposing that the 
' reflective state ' would be more commonly assumed in 
Saturn's temperate zones than near his equator or poles. 
For the causes to which oiur trade-winds are due are ex- 
aggerated in the case of Saturn. Now Sir J. Herschel thus 
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describes the circulation of our atmosphere : — ' In each hemi- 
sphere inferior currents of air run in on both sides towards 
the equator, and superior ones set outwards, all around the 
globe, from the equator towards the poles.' It is quite clear 
that neither near the poles nor near the equator, from or 
towards which these opposite current* tend, is it likely 
that there will be that tendency to stratification of the 
atmosphere into layers of variable density which favours the 
' reflective state.' On the other band, this state may be 
expected to occur — not commonly, indeed, but occasionaUy 
— in the temperate zones, where these currents attain their 
greatest velocity and steadiness of motion. 

It need scarcely be remarked that an apparent difference 
of level of 500 or 600 miles in latitude 40° or 45% would be 
fully sufficient to account for Saturn's ' square-shouldered ' 
figure ; but there are reasons for supposing that the height 
of Saturn's atmosphere in these latitudes exceeds the mean 
height. For it is found that barometric pressure attains its 
greatest value in the temperate zones; and although this 
phenomenon has never been fully accounted for, it appears 
highly probable that it is due to the rotation and figure of 
the earth ; and therefore it seenu probable that, in a planet 
of the figiure, dimensions, and rapid axial rotation of Saturn, 
the excess of atmospheric pressure in the temperate zones 
would be still more marked. 

It would be interesting to examine whether the square- 
shouldered figure seems to be connected with the occurrence 
of changes in the configuration of the Satumian belts, or 
whether it is only assumed when the belts have remained for 
a long time in the same, or nearly the same position. 

Ini^lteiual Observer fuF August 1866. 
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The planet Saturn now (1870) presents hie moat interesting 
aspect. Ab he eweepe around Ms widely-extended orbit, 
occupying nearly thirty years in circling once around the 
Bun, that mysterious ring-system which distinguiebes him 
from all the orbs of heaven twice attains its widest opening. 
Fifteen years ago the southern eurface of the rings was so 
much tilted towards the earth that its farthest part could be 
seen above the globe of Saturn. Then gradually as Saturn 
swept onwards towards the equinoctial points of his orbit, 
the rings became more and more foreshortened, until in 1862 
their edge was turned towards us. After that the northern 
face became visible ; and diu-ing all the years which have 
elapsed since 1862 this face haa become more and more 
fully turned towards us, until now, as in 1856, the outline 
of the planet's globe lies wholly within the outline of the 
ring-system's outer boundary. 

It was while the southern surface of the ring-system was 
turned as fully towards us as now the northern surface is, 
that the dusky, slate^tinted inner ring was discovered inde- 
pendently by Bond in America and Dawes in England. At 
that time, too, the signs of divisions in the ring-system were 
clearly recognised by many observers. It may well be that 
the present wide opening of the ring-system will be studied 
with scarcely less interesting results by those observers who 
possess adequate telescopic appliances ; though, on the other 
hand, it is far &om improbable that the low altitude which 
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the planet now attaiae above the horizon will deter observers 
in our northern latitudes from studying Saturn so atten- 
tively as they otherwise would. Be this as it may, the 
present aspect of the planet is full of interest to the tiiougbt- 
ful. Much has been learned respecting Saturn durii^ the 
last twenty years, and there can be little doubt that, inde- 
pendently of fresh discoveries, we may find much to reward 
us in the careful consideration of what has been bo recently 
brought to our knowledge. 

And here I may be permitted to remark, in paedng, that 
it sometimes seems to me as though the astronomers of our 
day were apt to let the full eignificaoce of observed facts 
- escape their notice. In the continual search for iresh 
knowledge, that which has been already obtained is some- 
times neglected. Our observers are so industrious and 
skilful that new &cts are being accumulated with un- 
exampled ra^dity. But it is getting a little out of fashion 
in the present day to dwell thoughtfully on past observa- 
tions, insomuch that I feel it almost necessary to apol(^;i8e 
for inviting attention to observations which were made many 
years since. 

Yet to anyone who thoroughly grasps what astronomy 
teaches us about the ringed planet, how impossible it seems 
to exEaust the subject by any amount of study. That 
•wonderfid orb, circled about by the mighty mechanism of 
the ring-eystem, and the centre of a scheme of dependent 
globes equalling in number the primary planets of the solar 
system, may worthily employ many hours and days, nay, 
many months and years, of thoughtful study. The more we 
consider the subject, indeed, the more amazing and in- 
explicable the economy of Saturn's system seems to become. 
I can, at least for my own part, assert that I have never 
directed my thoughts afresh to the relations he presents 
without some hitherto imnoticed peculiarity attracting my 
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attention. I propose now to touch on one or two points 
wlucb haye not yet, so far as I know, been dealt with by 
astronomeTs, and which seem to throw light on the physical 
constitution of this mighty orb and his fellow giants, 
Jupiter, Uranus, and Neptune. 

Kegarding Saturn either with a powerful microscope, or 
as presented in the admirable drawings recently taken by 
De la Rue, Browning, and others, it seems natural to inquire 
what signs the planet's disc presents of those peculiarities 
which would characterise our own earth, could we see it 
from Venus or Mercury with suitable telescopic power. 
Setting on one side for the moment the division of the 
earth's surface into large tracts of land and water, there are 
two most important relations which could hardly fail to be 
distinctly recognisable — I refer to the progress first of the 
' day, and secondly of the year. To the astronomer, con- 
templating our earth from Venus or Mercury, it would be 
no difficult task to trace certain changes characterising the 
advance of day and the coming on of evening, in certain 
parts of the earth at least ; while in a yet more distinct 
manner, supposing him to watch our earth, day after day, 
through the entire circle of the year, he would recognise the 
effects of the alternation from summer to winter in either 
hemisphere. If Saturn resemble our earth in having the 
sun as the chief ruler of his days and seasons, we may look 
in his case, also, for some traces of similar relations. 

Let UB now carefully consider what we might expect to 
find, and then inquire what the telescope actually reveals 
to us. 

As regards the j^ogress of day npon the earth, a dis- 
tinction must be drawn between the temperate regions and 
the torrid zone. Undoubtedly even in our own latitudes 
we may recognise day after day in summer, often for weeks 
together, the formation of clouds during the morning hours. 
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their gradual increase up te a certain hour, and their 
aubeidence (accompanied by a change in- their form and 
structure) towards evening. Supposing for a moment that 
this took place at all stations in our latitude, then our 
imagined astronomer in Venus or Mercury would recognise 
in that latitude-zone corresponding peculiarities. Close by 
the edge of the disc towards the west, he would be able to 
see the actual surfiu^ of the earth in those latitudes ; the 
sky being still clear during the early morning hours in 
progress there. Casting his eye along the zone towards the 
east, he would find the zone grow whiter and whiter up to a 
part somewhat to the east of the middle point. This 
whitest part would correspond to the region where clouda 
were most numerous. Farther east the zone would still be 
whitish, and that to the very edge, since the clouds raised 
in the daytime (during such weather as we have been con- 
sidering) do not disappear before sunset, but sink down like 
a pall upon the earth. 

But, as I have said, it is not in temperate regions that 
the moat marked diurnal changes are recognised. Let us 
consider the ordinary peculiarities of the equatorial day, or 
rather of the day in those regions of the earth where the 
sun passes almost to the zenith (the point vertically over- 
.head) at noon-day. This Is the region of greatest heat, and 
north and south of it lies the region of the trade-winds. 
Now let us bear what meteorologists have to say respecting 
the condition of the atmosphere, as regards the presence or 
absence of clouds during the day, in this region. ' In all 
places where the trade-wind blows constantly,' Kaemtz 
remarks, ' it does not rain ; the sky is always serene ; bub it 
often rains in the region of calms. The ascending current 
(caused by the intense heat here) draws with it a mass of 
vapours, which condense as soon as they arrive at the line of 
junction between the upper and the lower trade-winds. 
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The 8un almoat always naea in a clear aky : towards mid- 
day isolated clouds appear, which pour out prodigious 
quantUiea of rain. These showers are accompauied by 
violent gales. Towards evening the cUmds dissipate, and 
when the sun sets the sky is perfectly clear' Buchan, in 
bis excellent ' Hundibook of Meteorology,' similarly describes 
the progress of the weather changes during a day in the 
calm regions. He adds that the daily rains of the belt of 
calms are to some extent analogous in their origin and 
causes to the formation of the cumulus cloud of temperate 
climates. 

Now let us particularly note the position of a place where 
one of these diurnal rain-storms is commencing. Up to mid- 
day the sky has been relatively clear ; the sun has passed 
Dearly to the point overhead before the clouds gather, 
and be is actually overhead at noon when the whole sky is 
covered with black clouds. So that if anyone could take up 
a station where the illuminated hemisphere of the earth 
at that moment was fully turned towards lum, the very 
centre of that disc would be the place where this state of 
things prevails. There, then, he would see the bright light 
indicating that the spot was cloud-covered — he would see ' the 
silver lining' of the black clouds which at the moment are 
pouring down their contents upon the portion of the earth 
concealed from him. But now let us suppose that he had 
watched this region of the earth from the early morning 
hours until it thus became concealed by clouds. It would 
come into view on the western side of the disc, and then 
travel across the disc (either in a straight line or along 
a curved path, according to the season) until it reached the 
centre. All this time it would grow less and less distinct, 
and when actually at the centre would be lost to sight under 
heavy clouds. But, still following its course towards the 
eastern side of the disc, our imaginary observer would see 
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the bright light &om the clouds grow fainter and &iDter 
until, some time before reaching the edge of the disc, the 
region of the earth he had watched at firet would reappear, 
— for we have seen that the skies clear up towards evening. 

But what is true of one spot io this latitude is true 
of others. Every spot coming into view in the west would 
be clear of clouds, every spot crossing the middle of the disc 
would be hidden, and, finally, every spot passing off the disc 
on the east would be clear again. It is perfectly obvious, 
then, that the zone along which the spots lie would always 
preseot to our observer the same general aspect This 
terrestrial zone of calms, which has been compared with the 
equatorial bright belt of Saturn, would appear to the 
observer dusky towards the west, where the earth's duller 
hues are seen through it ; bright in the middle, where 
clouds reflecting white light are gathered over it ; and to- 
wards the east of the disc the brightness would gradually 
diminish, until close by the eastern edge the dusky light 
seen in the western half would reappear. These peculiarities 
of appearance would be rendered all the more marked by 
the circumstance that the central part of the disc is illu- 
minated more brightly by the sun than the parts near the 
edge. 

We turn now to Saturn and inquire whether his equa- 
torial bright zone presents these peculiarities. We might 
expect that a zone so bright and conspicuous as to be visible 
in a telescope of tolerable power— that is a telescope such 
as would be foimd in any well-appointed observatory — would 
exhibit some such characteristics as have been described- 
Assuming this belt to consist of sun-iaised clouds, we might 
fairly look for signs of the progress of the Satumian day, 
for the chaxacterietics, in fact, of the morning, noon, and 
evening sky of the Satumians. Nay, remembering how 
rapidly Saturn rotates, we might expect to find a more 
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marked diSereuce between the moniing aod the afternooa 
portioDB of his cloud-zone ; siace a part of the plaDet'd 
surface sweeps through a more considerable portion of )t« 
daily circuit in any given period, than a corresponding part 
of the earth's surface. 

We may well be surprised, then, to learn that the great 
equatorial bright belt of Saturn in absolutely uniform in 
light and textiu*e except in parts so close by the edge of the 
disc that a difference of aspect is obviously referable to fore- 
shortening alone. Not the slightest trace has ever been 
discerned of any peculiarities indicating the aggregation of 
clouds over the equatorial zone of the planet as the Satumian 
day progresses I 

It woidd almost seem to follow from this fact alone 
that the Satumian cloud-belts are not raised by the sun's 
action. 

Let us inquire, however, whether seasonal changes are 
more marked than diurnal ones. Since the Satumian 
year lasts for about twenty-nine of our terrestrial years, it 
should follow that seasonal changes would proceed much 
more steadily and certainly. We have to consider what 
those changes would be in the case of our earth, and then to 
inquire whether any corresponding variations are discernible 
in the aspect of Satum. 

Again, I prefer to limit the consideration of annual pro- 
cesses of change to the tropical regions, where a regularity 
of variation prevails which is wanting in the temperate 
zones. It is further convenient to consider these regions 
because we have already examined one marked peculiarity 
of the tropical day, and -shall thus be prepared to deal with 
a closely related peculiarity of the tropical year. 

We have seen that a heavy daily rainfall takes place in 
that particular latitude on our earth where the sun is over- 
head at noon. Kow the position of this latitude obviously 
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changes during the course of the year. Id spring the 
equator is the region of greatest midday heat. After 
spring the latitude of greatnet heat approaches us, and at 
midRammer the sun is vertical at noon in all places lying 
23^ degrees north of the equator. After midsummer, the 
region of greatest midday heat withdraws from us, and at 
the autumnal equinox it t^ain coincides with the equator. 
After autumn the latitude of greatest heat passes south of 
the equator, reaching its greatest southerly digression at 
midwinter. And finally after midwinter the region of 
greatest midday heat returns to the equator, which it 
reaches at the vernal equinox. 

But we must assure ourselves that the weather changes 
correspond to these relations ; for it might be that the ex- 
istence of a calm zone was a peculiarity not wholly depend- 
ing on the position of the midday sun. I might quote 
numerom authorities to show how the zone of calms in 
reality follows the sun, hut will limit myself to two. Buchan, 
to whom I have already referred (as r^ards the progress of 
the diurnal changes in the calm zone), writes thus respect- 
ing the nature of that zone and the annual changes in its 
position : — 

' The region of calms is a belt of about 4° or 5° in breadth, 
stretching across the Atlantic and the Pacific, generally 
parallel to the equator. It is marked by a lower atmo- 
spheric pressure than obtains to the north and to the south 
of it in the regions traversed by the trade-winds. It Is also 
characterised by the daily occiurence of heavy rains and 
severe thunderstonas. The position of the calms varies 
with the sun, reaching its most northern limit (25° norih 
latitude) in July, and its most southern (25° south latitude) 
in January.' 

The other passage I propose to quote is' from Captain 
Maury's charming work, the ' Physical Geography of the Sea.' 
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The pasBSge is interesting as indicating the office which the 
calm zone seems to fulfil in the economy of the earth. 

' After having crossed the cloud-ring (says Maury) the 
attentive navigator may perceive how this belt of clouds, by 
screening those parallels over which he may have fomid it 
to hang, irom the sun's rays, not only promotes the precipi- 
tation which takes place within these parallels at certain 
periods, but how also the rains are made to change the 
places on which they are to fall ; and how by travelling with 
the calm belt of the equator up and down the earth this 
cloud-ring shifts the surface from which the heating rays of 
the sun are to be excluded ; and how by this operation tone 
is given to the atmospherical circulation of the world, and 
vigour to its vegetation. Having travelled with the calm 
belt to the north or south, the cloud-ring leaves a clear sky 
about the equator ; the rays of the torrid sun then pour 
down upon the solid crust of the earth there, and raise its 
temperature to a scorching heat. The atmosphere dances, 
and the air is seen tremUing in ascending and descending 
columns, with busy eagerness to conduct the heat off and 
deliver it to the regions aloft, where it is required to give 
dynamical force to the air in its general channels of circula- 
tion. The dry season continues ; tbe sun is vertical ; and, 
finally, the earth becomes parched and diy ; the heat accu- 
mulates faster than the air can carry it away ; the plants 
begin to wither, and the animals to perish. Then comes 
the mitigating cloud-ring. Tbe burning rays of the sun are 
intercepted by it ; the place for the absorption and reflection 
and the delivery to' the atmosphere of the solar heat is 
changed ; it is transferred from the upper surfiice of the 
earth to the upper surface of the clouds.' 

This series of changes is not only most important to tbe 
inhabitants of the earth, hut it is of such a character that 
any observer able to watch tbe earth throughout the whole 
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course of a year, aa we watch the planet Saturn, coald not 
&il to become readily cognisant of it. The actual ran^ 
over which the central line of the calm zone oscillates 
northwards and southwards is forty-eeren degrees (Buchan's 
numbers referring to the extreme northerly and southerly 
limits of tbe zone). Now if a globe be placed at some coa- 
siderable distance &om the eye, and an arc of forty-seven 
degrees marked on the globe is ao placed that its middle 
point seems to occupy the middle of the disc presented "by 
the globe, then the apparent length of the arc will be as 
nearly as possible two-fifths of the globe's diameter; so that 
tiie actual range of the calm zone viewed as we have ima- 
gined would correspond to no inconsiderable portion of the 
earth's apparent diameter. Only it is necessary to remember 
that if our observer always viewed the earth so as to see the 
whole of her illuminated hemisphere, then the calm zone 
would alirays cross the centre of the disc Near either 
equinox, it would appear as a straight line across the centre. 
In July it woiild appear as somewhat more than half an 
ellipse, the two ends bowed upwards, and the middle point 
of the arc (which would correspond to an extremity of the 
shorter axis of the ellipse) coinciding with the centre of the 
disc. In January the calm zone would have the same figure 
as in July, only the two ends of the elliptic arc would be 
turned downwards. The curvature of the arc would be, for 
the reasons above alleged, most obvious ; in &ct the lesser 
axis of the complete ellipse would be two-fifths of the 
greater. 

Applying these considerations to the case of Saturn, on 
the supposition that his equatorial bright belt corresponds 
to the calm zone of the earth, we may expect to find an even 
more marked change of appearance in this belt than we have 
inferred in the case of the earth's calm zone. For the inclina- 
tion of the earth's equator-plane to the path in which she 
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travels is bnt twebty-tbree and a half degrees ; the corre- 
sponding mclinatioD in the oaee of Saturn ia nearly twenty- 
seven degrees. It will obviously be so much the easier to 
infer whether the belt exhibits those peculiarities which 
correspond to the theory that it ia due to solar influences. 

Now Che bright belt on Saturn doea change in its apparent 
shape (precisely as the Satumian rings do) in the course of 
a Satumian year. At the present time, for instance, the 
bright belt, seen in an ordinary astronomical (iuvertiug) 
telescope, is bowed very obviously, with it« convexity up- 
wards. But instead of the central line of the belt passing 
across the centre of Saturn's disc, it has precisely the position 
which Saturn's eqnator, if marked as a line upon the sur&ce 
of the planet, would seem to occupy. In other words, the 
central line forms a half ellipse, the middle of whose greater 
axis occupies the centre of Saturn's disc, instead of the 
extremity of the lesser axis being at that point. The bright 
belt is in fact, as it« name implies, equatorial, now, during 
the summer of Saturn's northern hemisphere ; whereas the 
calm zone of the earth at the corresponding season is not 
equatorial, but coincides with the Tropic of Cancer. 

Here again, then, we have very clear and positive evidence 
against the theory that this Satumian belt at any rate is due 
to solar sctioo. 

It is also worthy of remark that the evidence Is not 
affected whatever opinion we may form as to the general 
uniformity or diversity of the surface of Saturn. If the 
surface of Saturn be diversified, then the constancy and 
uniformity of the equatorial belt become so much the more 
surprising ; i^ on the other hand, the surface of Saturn is 
very uniform, then those seasonal changes which we have 
considered ought to proceed bo much the more regularly. 
On the earth they are interrupted, as we know, in certain 
places, owing to the configuration of oceans and continents ; 
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and monsooD weather-changeA replace the systematic pro- 
greBdon observed elsewhere. But the very uniformity of 
the bright belt on Saturn forbids un to n^rd such peculi- 
arities as available to aid ub in interpreting the phenomena 
we have been considering. 

It is further noteworthy that an objection which migbt 
have been made to the argument founded on the diurnal 
constancy of the Satumian equatorial belt, is not available 
against the argument just dealt with. Saturn is so much 
farther firom the sun than the earth is, that a certain 
sluggishness might be supposed to characterise processes 
depending upon the sun's action ; and therefore it might be 
supposed that a cloud-belt, once formed by the sun, would 
be carried round by Saturn's rapid rotation without being 
dissipated or in any way modified, whether night or day 
prevailed on Saturn. But in the case of the seasonal 
changes we have been considering, no such argument can be 
admitted ; for whatever view we might form as to the pos- 
sible constancy of a cloud-belt during the ten hours of the 
Satumian day, it would clearly be unreasonable to infer 
that the seven-yearly Beasons (or quarters) of Saturn would 
be too short to produce their due effect od the position of 
the great cloud-zone. If the sun during his slow passage 
northwards and southwards from tbe celestial eqiuttor of 
Saturn cannot modify the position of tbe cloud-zone, it 
seems altogether incredible that his action can have bees tn 
any way concerned in tbe formation of that zone. 

Yet further, it is wholly impossible for any thoughtful 
student of the Satumian belts to suppose that the action to 
which they are due is of so inert and sluggish a nature as 
would be implied by the supposition just referred to. The 
changes which take place in the figure and position of the 
dark belts lying on either side of the equatorial bright l>elt, 
are sometimes singularly rapid, especially when account is 



,.,.d,i. Google 



THE PLANET SATURN. 99 

taken of the enormouB extent of Burface belonging even to 
tlie least of these belts. 

For my own part, I confess I cannot but regard these , 
facts as affording very strong evidence in favour of a theory 
to which I had been led ,1^ other coneiderationB, If the sun 
is not the agent in producing those cloud-masses which 
constitute, we may assume, the bright belts of Saturn, we 
muBt look for the real origin of the belts in some action 
exerted by the planet's own mass. In other words, we seem 
led to the consideration that the mass of Saturn is sufBciently 
heated to cause currents of vapour to rise continually from 
his surface to be condensed into the form of cloud when they 
reach the upper regions of his atmosphere. Why such pro- 
cesses should take place in certain regions rather than in 
others, it would perhaps be difficult to determine. We 
know so little at present of the extent, constitution, and 
condition of the atmosphere of Saturn, that it is difScult to 
reason as to processes of change, excited hy heat whose seat 
lies perhaps hundreds of miles beneath the surface visible to 
Us. It may be remarked, however, that a similar peculiarity 
exists in the case of the sun. Indeed, a somewhat suiprising 
resemblance exists between Saturn and the sun, as regards 
many important characteristics. The planet, like the sim, 
is of low specific gravity — very far lower than the earth's ; 
as the sun has eight primary attendants, so Saturn haB eight 
satellites ; and as the sun has his attendant disc of minute 
bodies (seen in the zodiacal light), so Saturn has his ring 
system, composed, in all probability, of multitudes of nunute 
satellites travelling in independent orbits around him.* Is 

• The theofj that Sntum'B rioga are (Jim conBtitutsd hsa been lo eomraonly 
Kttribnied to myatU of late yma that I feel bound lo take erery apportnaity 
of disclaiining all credit whatsoever in Ihs matter. I hold that it has been pat 
bejond question that the Haturnian ringa a» neither formed of a continaoua 
EoM noT of a continuoHE fluid sabstaac^. aod uleo that tlify are not wholly 
raporooa. But I have had no part in establiabing thia result, vhich is due 
b3 
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it not possible that the relatioc necessary to make the 
analogy complete may be actually fulfilled, and that Saturn 
U a source when heat is supplied to the orbs which circle 
aroimd him ? We have seen that reasons exist for r^ardin^ 
the Saturnian belts as resulting from proceKses excited by 
the planet's internal heat ; and we are thus prepared to 
regard less suspiciously than we might otherwise have been 
disposed to dc^ any evidence tending to show that such 
processes are of a very remarkable character. The same 
forces which can generate belts covering a surface many 
times exceeding the whole surface of oar earth in extent, 
may also, it is conceivable, produce other effects clearly 
recognisable from oar distant station. 

It is perhaps only after preliminary evidence of this sort 
has been adduced, that most astronomers would be ready to 
listen even for a moment to such arguments as I have ad- 
duced in my treatise on ' Other Worlds than Ours,' to show 
that the apparent outline of Saturn is liable to change. 
Notwithstanding the wonderful caution with which Sir 
William Herschel's observations were carried on, his unwil- 
lingness to accept coQclusioDS even after a long series of 
apparently convincing researches, and the clear-eightednese 
with which he reaaomd out the interpretation of his obser- 
vattons, astronomers had agreed to reject (ae rta^iJJmg from, 
iUuaion) the vien's which he formed respecting the ' square- 
shouldered aspect' of Saturn. Bessel's exquisite measure- 
ments of the planet's disc seemed te show convincingly that 

■oldl; to the labonn of Bond, Fieice, and ]tI&i«elL I ba-re pnseDtfd some 
of Oieir raaioning in a popular form in my treatise on SatnrD, but it is di»- 
tiDd^ pnMuit^d u th«r rvwoaiDg, not mine. One or tvo eoasiderationn 
betping to nuke the evidence more coaTineiiig perhaps to the geoeral mder 
are dne to me ; and in particular the argnrnpot founded on the dusky spacps 
Men by Bond on the great middle ring. Bnt tbongh this last argument affords 
in itself a demoustration that we here see tkrmigh this appArentl; continuoua 
ring. I can take no credit whatever for demoneliaUng wbat had already been 
established bj the argument* of others. 
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it 18 Dot 'square-ehouldered,' but truly elliptical, insomuch 
that, as Professor Grant remarks, < no doubt could henceforth 
exist that the figure of the planet is that of an oblate sphe- 
roid. ... It is impossible,* he adds, ' to contemplate Bessel's 
aumbers (as compared with what theory required) without a 
feeling of admiration of the theory which is capable of re- 
sponding 80 faithfully to the requirements of nature, and of 
the exquisite skill displayed by the illustrious astronomer 
who executed measures so singularly delicate as those abov6 
given, with a euccees apparently so complete.' 

Yet, while fully admitting the juBtice of these remarks, I 
have long felt that Sir William Herschel's obeervations of 
Saturn's figure are not to be so summarily dismissed. To 
quote words which I wrote five years ago, the astronomer who 
' examined Saturn's ring for ten years before he would accept 
the theory of its being divided, and watched a satellite for 
two years before he would pronounce an opinion on its rota- 
tion,' was ncit the man to be misled by illusions, or to make 
Confident statements without adequate reason. A * suspicion ' 
of either Sir William Herschel's ot Sir John's would coun- 
terbalance with me the most positive assertions of ordinary 
axtronomers. But in this case it was no suspicion. Let us 
hear what Herschel himself says, and we shall be in a posi- 
tion to determine whether it is likely that this eminent 
observer was deceived by a mere illusion, and that too when 
he was in the very zenith of his career as an observer. ' In 
order to have the t^timony of all my inatrumenta on the 
subject of the structure of the planet Saturn,' he writes, re- 
ferring to the observations made in May 1805, 'I had pre- 
pared the 40-feet reflector for observing it in the meridian. 
I used a minifying power of 360, and saw its form exactly 
as I had seen it in the 10- and 20-feet instruments. The 
planet is flattened at the poles, but the spheroid which would 
arise from this flattening is modified by some other cause, 
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which I euppoBe to be the flattening of the ring. It re- 
sembles a paraUelogram, one side whereof is [parallel to] 
the equatorial, the other [to] the polar diameter, with the 
four corners rounded off bo as to leave both the equatorial 
and the polar regions flatter than they would be in a r^^lar 
spheroidal figure.' He determined by actual measurement 
the position of the protuberant portions which formed the 
comers of this ' square-shouldered ' figure, and placed 
them in latitude 43^° north and south of the equator. Ue 
measured the amount of the protuberance, making the polar, 
equatorial, and maximum diameters as 32, 35'4, and 36. 
He renewed his observations in 1806 with the same result. 
But what is most remarkable of all, he observed in 1B07 
that a change had taken place in the aspect of the planet, 
the two polar regions now presenting a different shape, the 
northern regions being most flattened, the southern ' carved 
or bulged outwards.' Admiral Smyth remarks that 'thia 
singularity was verified by the younger Herschel on June 16 
of the year 1807 ; and is, I believe, his first recorded astro- 
nomical effort.' 

When to the above evidence is added all the evidence re- 
corded in my ' Other Worlds ' ; the &ct that such observers 
as Bond and Airy, using such instruments as the Harvard 
re&actor (perhaps the finest in the world) and the refractor 
of the Qreenwich Observatory, have noticed similar appear- 
ances ; and that other practieed obaervere less known to &me 
confirm their observations — we can no longer, surely, class 
the ' square-shouldered aspect ' of Saturn among the ' myths 
of an uncritical period.' * 

Now, assuming that Saturn is liable to occasional changes 

• Let me not« further thM Sip 'Williain Henchel'B meeenremBnt of the com- 
preemon of Saturn in 1789 'has been found,' Profeesot Gi«nt telle ue, 'to 
aecoid ezacClj with that denred from the mo«t recant mkrometrical 
of the axee ot the pUoet.' 
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of figure — for undoubtodl; hie ordinary figiire is that of an 
oblate splieroid — ^we have evidence of the existence of forces 
of the most amazing character beneath the seemingly quies- 
cent zones which we have been accustomed to regard as the 
true surface of tiie ringed planet. We may be doubtful 
■whether they be forces of upheaval, or whether an intense 
heat loads the atmosphere of Saturn ixom time to time (in 
the particular latitudes which seem to bulge outwards so 
strangely) witii enormous quantities of vapour, to he con- 
densed at an exceptionally high level ; or whether the 
sudden dissipation of cloud-masses existing in other latitudes 
causes these peculiarities of appearance. But it is in any 
case most certain than an energy — a vitality so to speak — 
exists out yonder, which we have hitherto been far &om 
associating with this distant and dimly lighted world. No 
moderate processes of change would suffice to cause the 
figiire of a planet to vary appreciably when obsen'ed from a 
distance of some nine hundred millions of miles. As seen 
from the satellites, the farthest of which is but a million 
. a nd a quarter of miles from Saturn, the planet must appear 
the scene of a wondrous turmoil. It is probable, indeed, 
that the true subBtance of the planet, which may be, for 
alight we know, absolutely incandescent through the in- 
tensity of its heat, is always veiled, even from these relatively 
near regions, by the maesea of vapour continually thrown off 
to condense into cloud-strata at higher or lower levels. But 
the evidences of intense action can hardly fail to be per- 
fectly obvious, even though the actual source of such action 
is concealed from view. 

Let me remark, in conclu«on, that the theory here put 
forward is not uiged from any desire to exhibit novel or 
startling views, but as serving to explain, better than any 
other theory I can imagine, a series of observed facts which 
cannot judiciously be neglected or forgotten. I have pre- 
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ferred to give no consideration whatever to * the queefion 
whether the larger planets have or have not as yet cooled 
down, by radiation, to a sort of normal temperature,' because 
in the present state of oiur knowle<^ that question is purely 
speculative. My theory is directed to explain obeerred 
facts: if it happens to throw some light on the question of 
the original formation of various members of the solar 
system, that is merely by the way ; the theory must stand or 
fall according as it can be shown to be in agreement or not 
with past wad future observations. 

Fnutr't ilagaiim tat Septemba l&TO. 
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THE NOVEMBER SHOOTING STASS. 



NoTB.— Tlis following pap«n are taken from 7%e InltlUclu^ Obttnter and 
atitdtiU for October 18S7, Ifovember IS6B, sad October 1S69. I beli«Te that 
by thoB pr«*«nCiiig the records of sacce«aive yean in compu; with the antici- 
patioutfonuedeuhfeKTithe interutof theaabjectU enhanced. Indeed.une 
of the moat remarkable &ctc latel; learned reapfcting the Norember meteon 
is thecircnmrtuce, that for to manj yean in Buccession— 1866, 1867, 1S68, 
186{^,DJ]dlS70 — there hare been important diiplayB. In 1671 none but a few 
sttaggleni of Che Norember ajstem were seen ; and it may now be Bsdillial 
that DO ihower of November meteors need be loohed for nntil the year 189B. 



THE NOVEMBER SHOOTING STARS. 
I. 
It ifl probable that there will be this year [1867] an exhibition 
of the November Bhooting star?, though it is uncertain 
whether the phenomenon will be so well seen in Europe as it 
was last year. As a display the shower in not likely to be so 
splendid as it waa in 1866, since on November 14th of the 
present year the moon wilt be nearly full. However, there 
can be no doubt that the November meteors will be looked 
for again with great interest, since the discoveries which 
have been made respecting the orbit in which they move 
have presented them to t)s in a new aspect. 

When the shower of November last was under discussion, 
it was very noteworthy how indistinct were the views of 
many persons — I may even say of many aetronomera — 
respecting the relations of the earth's globe, as it travelled 
onwards rotating in its orbit, to the meteor stream which it 
encountered. I do not here refer to the doubt and obscurity 
under which the question of the path actually pursued by 
the meteors rested at that time. The investigation of tbis 
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questioD was one of extreme difficulty, one which taxed — 
^nd Dot lightly — the powers of the highest modes of mathe- 
toatical analysis. But many appeared to find considerable 
difficulty, or &iled altogether, in forming an estimate of the 
circumstances under which the meteors became visible to 
us. The existence of a 'radiant point' &om which all the 
shooting stars appeared to travel, in whatever part of the 
sky they made their appearance, was a phenomenon which 
— although in reality it inferred the solution of the problem 
of the meteors' origin — yet presented difficulties to many 
observers. The questions that were asked and the sugges- 
tions that were offered on this and kindred points, were 
many and amusing. One observer, noticing the comparative 
absence of meteors &om the immediate neighbourhood of 
the ' radiant point,' suggested in explanation of the pecu- 
liarity, that the earth was passing through a sort of tunnel 
traversing a bed of meteors ; thus in the path along which 
the earth travelled there were no meteors or few — previous 
passages along the same track having cleared the way — 
but many meteors grazed the earth's atmosphere, the bore 
of the tunnel only allowing the solid globe of the earth to 
pass freely. And, indeed, the supposition that shooting stars 
are only seen when gra^ng our atmosphere has been com- 
monly entertained and expressed even by astronomers of 
eminence. Sir John Herschel, for example, speaks of 
meteors as ' bodies extraneous to our planet, which only 
become visible when in the act of grazing our atmosphere.' 
The idea, however, is erroneous, as we shall presently see. 
Another remarkable question which was asked soon after 
the occurrence of the November shower, served still more 
clearly to exhibit the indistinctness of the views commonly 
held ; meteors having been seen at Cape Town at the same 
hour (actual time) as in Engluid, it was asked how the same 
meteors could be seen in both places, tmlesa they had 
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travelled as satellites round the earth ? A well-known 
cbeniisttwho has lately published a work on meteors, speaks 
of the received opinion of the coemical origin of meteors as, 
after all, merely conjectural, and he evidently leans towards 
the theory that they are satellites of the earth. Lastly, in 
Guillemin's * Heavens,* a view is expressed (and illustrated 
by an elaborate figure), which is wholly inconsistent with 
observed appearances; — the notion, namely, that a single 
stream of bodies could give rise to both the November and 
August showers. 

It is evident, therefore, tliat there is room for a careful 
examination of the actual state of things during the occur- 
rence of the November shower. By considering the position 
of England on the rotating earth, during the time of the 
display, we shall be able to form clear views on this point. 

I must first, liowever, mention briefly the true meaning 
of the existence of a ' radiant point.' Once this pheno- 
menon is established, aU doubt whatever respecting the 
cosmical origin of a sbooting-«tar shower disappears. It is 
not true that the theory of a cosmical origin is now a con- 
jectural one ; it is .established on a thoroughly firm basis. 
The phenomenon of a radiant point proves in fact this, that 
the paths in which the meteors intersect our atmosphere 
are all parallel m space throughout the time that the 
shower is visible. Now the display lasting several hours, 
during which the earth moves through a large angle round 
her axis of rotation, it is quite clear that the display cannot 
have a terrestrial origin, since if it had, the direction of the 
shooting stars might be expected to change correspondingly, 
and toould certainly not change after so artificial a manner 
that for several places at once the effects of the earth's 
rotation would be exactly compeTiaated. An equatorial 
telescope, for instance, is made by clockwork always to point 
to the same star ; but we know that no telescope poised 
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at random and moved at a raTtdom rate would do so. 
Just, therefore, as a persou seeing the same star for a con- 
siderable time through the tube of a telescope, knows cer- 
tainly that he is looking through an equatorial rendered 
artificially independent of the earth's rotation — so, seeing 
shooting stars moving always &om a fixed point among the 
stars, we know for certain that the direction of their motion 
is independent of the earth's rotation, and therefore — there 
being no possibility of an artificial arrangement correspond- 
ing to that of the equatorial — that the shooting stare come 
from external space. The notion of a lunar origin, and the 
satellite theory of meteors, are similarly overthrown, though 
indeed, at the present day, no competent person entertains 
either pf these views, which are, for other reasons, wholly 
untenable. When the occurrence of a ' radiant point ' is 
coupled with 'annual periodicity and independence of geo- 
graphical position, referring us at once to the place occupied 
by the earth in its annual orbit,' the most sceptical (or, in 
this case, we must say those least able to appreciate the 
mathematical demonstration of the meaning of a radiant 
point), must be led 'directly to the conclusion that the 
earth is liable to encounters or concurrences with meteor 
streams in their progress of circulation r6und the sun.' 

It must be mentioned that the earth's motions have their 
efiects upon the apparent motion of bodies moving in space. 
The motion of rotation, however, may be neglected in com- 
parison with the motion of revolution and the proper motion 
of meteoric bodies. Travelling in space, under the sun's 
attraction, it is unlikely tiiat, at the moment of encounter- 
ing the earth, they have a less velocity than that due to a 
body moving circularly round the sun at the earth's distance 
(a rate very slightly less than the earth's) and they may have 
a velocity nearly half as great again as this. Between these 
values their velocity may be assumed to lie. Further, their 
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velocity, relatively to the earth, muit lie somewhere in value 
between the sum and difference of tlieii actual velocity 
and the earth's, or between zero and about forty-five miles 
per hour ; the firat value giving the extreme case of meteors 
travelling in the same direction, and at tiie same rate as 
the earth ; the second giving the case of meteors travelling 
in a parabolic orbit, and encountering the earth directly, 
jurft when they are m perihelion. 

I have mentioned these linutB and considered the nature 
of meteoric motion relatively to our earth, because it is on 
this relative motion that the position of the 'radiant point* 
depends. If we suppose the earth reduced to rest, and her 
motion, reversed, added to the motion of the meteoric stream, 
we get the same relative motion and the same radiaTit point 
as under the actual circumstances of the case. For clear- 
ness of explanation let us suppose this to happen, and that 
OQ the night of November 13-14 the earths motion of revo- 
lution is non-existent (her motion of rotation continuing, 
however), and that the meteors are sweeping towards her 
from their radiant point (i.e. at a rate and in a direction 
resulting from the combination of their own actual motion, 
and the earth's motion applied in a reversed direction). 

These suppositions being made, we can have no difficulty 
in selecting a suitable point of space firom which in ima- 
gination to view our earth. The 'radiant point' is clearly 
the proper point tO' select. If the reader, therefore, will 
suppose himself somewhere in space, between ■ and /i 
Leonis, and armed with sufficient optical power, he will be 
prepared for the examination of the illustrative Figs. 4 and 
5. In these the earth is supposed to be viewed from such a 
direction ; in Fig. 4, at about a quarter-past twelve, and in 
Fig. 5, at about a quarter-past two, Greenwich solar time, 
on November 14th, in any year. The shaded half of each 
hemisphere is the portion tamed from the sun, the apparent 
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boundary of this portion being a straight line, because tbe 
radiant point (as respects ita longitude) is situated very 
nearly in the direction towards which the eartli is moving 
at the time. But since the radiant (aa respects latitude) 
was raised some 10" to the north of the ecliptic, the north 
pole of the earth is brought more into view than it would be 
to an observer placed at a point towards which the earth is 



Via. 4.— TbeairUiiia sni^xMed to be «ran tnm the 'TBdiant' ot tbt NoTember 
metpora, at 12h. ISm. (night). 

actually moving at the time. In fact, the presentation of 
the earth towards the radiant point happens to be almost 
exactly the same (as to inclination of the polar axis) as tlie 
presentation of the earth towards the sun at the time of 
Kiimraer solstice. Without entering further into these points, 
it will suffice to say that Figs. 4 and 5 are the results of 
mathematical calculation and careful construction — not 
imaginary figures set down partly at random, as is too often 
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the case with illuHtrations of this sort. I am particular to 
xneDtion this, because when it is known that an astronomical 
picture represente actual facts, as closely as possible, the 
student will undertake the study of the picture with some 
hope of info/matioD and instruction, whereas the study of 
illostrations (eo-called) not carefully constructed — and nine 



Fuj. 6.— The Mrth ns su[^osed to be seen from the ' radiant ' of the Norerabw 
meleon, at 2h. ISm. i.k. 

out of ten figures in our works on popular astronomy fall 
under this category — is often worse than unprofitable. . 

Around London and Calcutta, in Fig. 4, and aroimd Lon- 
don and Cape Town, in Fig. 5, oval and circular sf^ces arc 
indicated. It is necessary to explain the meaning of these. 
Assuming the depth of our atmosphere to be about seventy 
miles — or, at any rate, that meteors are not commonly visible 
at greater heights — it is easily shown that the segment of 
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atmosphere cut off by a plane touching the earth at any 
point, has a circular base about 1,500 miles in diameter. 
Thus neglecting the effects of re&action vhich would slightly 
increase the dimensions of the segment, ve have this result, 
that DO meteor can be seen from any point of the earth's 
surface further than 750 miles from the point over which 
such meteor is vertical. We have very strong evidence, 
showing that 70 miles is about the height at which meteors 
appear, the evidence of meteors appearing at a greater height 
being very doubtful. Hence, when a meteor is seen low 
down towards the horizon, it may be confidently assumed 
that the point over which this meteor is vertical lies within 
750 miles of the place of observation. Now the ovals and 
circle in Figs. 4 and 5 mark the limits of the space over 
some point of which a meteor must be vertical to be seen 
from the centre of the space. For instance, a meteor appear- 
ing at a point vertical over Madrid, or Turin, or Berlin, or 
Stockholm, might just be visible from London, appearing 
just above the horizon ; but a meteor vertical over Gibraltar, 
or Rome, or St. Petersburg, would not be visible in 
England. 

Now, if we consider Fig. 4, we shall see that about two 
hours before the time indicated by that figure (a quarter-past 
twelve at night), London is just becoming visible on the 
edge of the earth's disc; but the edge of the oval space 
round London comes into view more than an honr earlier — 
that is, at about nine o'clock. This is the earliest hour at 
which a member of the November system can by any pos- 
sibility be seen in London. Meteors seen at this hour would 
be momentarily visible in the eastern horizon, moving 
upwards. When London comes to the border of the visible 
hemisphere, meteors may be looked for over the whole space 
between the eastern horizon (that is from south, through 
east to north) and the zenith, travelling (more or less) 
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Upwards onless tbey appeared nearly towards the north or 
sontii, when their motion would be horiaontaL When the 
whole of the London oval space is in view, meteors ma; be 
looked for over the whole heavens. A little consideration 
will show that at and after this time, conspicuous meteors 
wiU be seen more plentifully over the westem half of the 
heavens. If the mere number of meteors indeed were alone 
considered, the contrary would be the case. But the paths 
of meteors being &om a point east of London (it is clear 
that both in Fig. 4 and in Fig. 5 we are looking at London 
from the east), they would have in general an apparently 
westward motion, and all those having long visible tracks 
would be towards the west. 

It is also evident from Figs. 4 and 5, that meteors increase 
in number (ccBtmia pariima) as England, through the earth's 
rotation, approaches the centre of the disc visible from the 
radiant point, or — which amounts to the same thing — as 
the radiant point rises above the horizon. It is clear, for 
instance, that the oval space round England in Fig. 5 is 
greater than the oval in Fig. 4 ; and that at an hour later 
than that indicated in Fig. 5, the oval is yet greater. The 
oval round England is greatest at about a quarter-paet six, 
when the meridian of London is a diameter of the disc 
The effectB due to this cause of variation ought to be con- 
sidered in estimating the actual changes in the richness of 
the shooting-star stream as the earth traverses different 
strata. . For instance, the increase which actually occurred 
after midnight, last November, was partly due to this cause, 
while the diminution which took place subsequently to 
Ih. 30m. or lb. 45m., was partly checked by this cause. 

Let us stay for a moment to compare with the effects just 
considered, those occurring in other latitudes. It is clear 
from Figs. 4 and 5, that countries in northern latitudes are 
more &vourably situated than countries in southern lati- 
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tudes, as respects their chance of seeing the November star- 
shower. Thus, if we consider the short part of the ajc 
traversed hj Cape Town, which lies within the darkened part 
of the disc, it is clear that the d, priori probability tha,t 
observers there will see the phenomenoD is smalL The 
hour at which Cape Town reaches the diametral meridian 
being about 6h. 15m. Gape time, it is clear that the moment 
at wM(^ Cape Town enters on the part of the disc visible 
from Uie radiant point, is about 2h. 15m. The oval round 
Cape Town begins to enter this part of tiie disc rather more 
than one hour earlier. Thiis, unless the phenomenon occurs 
between about one o'clock and daybreak (it will be seen that 
Cape Town enters the enlightened half-disc, or, in other 
words, the BV/n, rises there, soon after five), it will not be seen 
at all at Cape Town ; and that it should be well seen, it is 
necessary that the epoch of TnaTiTnnin richness should occnr 
between Ih. 30m. and 3h. 30m. Gape time. It happened 
last November that the shower reached its maiimum at 
2h. A.1I. Cape time, and was therefore well seen there.* 

In tropical r^ons north of the equator, which enter on' 
the hemisidiere turned towards the radiant during the con- 
tinuance of the shower, the display is likely to be grander 
than elsewhere, since the circular space around any point in 
such r^ons would be seen as an oval of much less eccentri- 
city than that around places in high latitudes, during a part 



* Fot ihe B&me te&Bon that meteors an jn<tPt commonly Boen in ncrthetn 
ladtndM bom July to DMembtr, they an mora commonly wen in Mnthem 
ladtndei ttont Jsiidu; to June. An eisminMion of Figs. < azid fi vill illos- 
tnt« the causa of thia pecoluuity, ms. : — the pnaentBlion of the northem and 
■outhern polet reapectivsly hnwda tha diraetion of the earth's motion. It is 
worthy of notice that Ur. Uaclrar lecords the obMrvatiou of aeTeral meteors 
laat HoTember, before the hooi at which Cape Towd (or thti apace included 
within the oval in Fig, 6) entered on the hemisphere turned towards the 
TBdiaot; or, in other words, before the Mdiaot rose above the horiioD: but 
none of thMebeloneedto the November pystrm, as waaei'inced bythedireotioa 
of their motion. 



,.,.d,i. Google . 



THE NOVEJraER SHOOTISQ ST.UIS. 115 

at least of their passage across the darkened part of the disc. 
At Calcutta, for instance, the boundaiy of Tieibility is appr^ 
ciably circular (as shown in Fig. 4) a short time before sunrise. 
At this hour, hist Kovember, the shower had not reached its 
full splendour, and therefore the richer part of the display 
was not seen in Calcutta. In Nubia, Egypt, Asia Minor, and 
Greece, the shower was more fevourably seen. Mr. Schmidt, 
for instance, reported a very rich display at Athens, reaching 
its maximum at 2h. 15m. local time, or about 12h. 45m. 
Greenwich time ; very nearly the hour illustrated in Fig. 4. 
The display in India (at Kishnagur, fifty miles from Cidcutta) 
began before four o'clock, and continued till daylight. At 
4h. A.V., Calcutta mean time, which corresponds to 10 p.h. 
Greenwich time, London had not yet reached a position for 
a favoiuuble view of the display. 

It will be seen from Figs. 4 and 5, that diuing nearly the 
whole tin^ that the display continued, last year, in England, 
every visible shooting star was travelling towards the earth's 
suT&ce, not grazing the atmosphere. Thus no shooting star 
which fell within the oval line marked round England in Fig. 
4, or in Fig. 5, could have failed to reach the earth's surface, 
unless dissipated in the upper r^ons of air. And, indeed, 
independently of the consideration of the November shower 
and its radiant, it is quite clear that of meteors which pass 
into our atmosphere, by &r the lai^er number travel in a line 
which produced meets the earth's solid surface. For, in 
whatever direction a meteor stream is travelling, the earth, 
seen £rom the radiant point of the stream, must present an 
appearance corresponding to that illustrated in Figs. 4 and 5. 
The pole may be more or less bowed towards, or tiom, the 
direction in which the meteors are travelling (relatively) 
towards the earth, and other countries than those presented 
in the figures may be turned towards the meteor-fiight ; but 
a circular disc, apparently fringed with a comparatively 
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narrow border of atmoephere, must ia eveiy case be presented 
towards the meteor-etream. Onl; those meteors which im- 
piBge oQ this Mnge, a circular ring seventy mites wide,* 
can possibly &ee themselves by passing through (or gtazing) 
the atmosfdieric envelope. All those meteors which are 
making for the apparent disc of the solid earth, a circle 
nearly 4,000 miles in radius, must inevitably reach the 
earth, either in a solid form or in the form of meteoric dost, 
after being dissipated in their passage through the upper 
atmospheric layeiB. Assuming that every meteor making 
for the fringe escapes, which is, however, utterly improbable, 
it may easily be calculated that for every meteor graong 
our atmosphere (at a height not exceeding seventy miles), 
twenty-eight tzavel directly towards the earth's sur&ce. 
But the proportion must in reality be very much greater, 
since our supposition implies the possibility of a meteor 
travelling through the air in a direction actually tangent to 
the earth's sur&ce, or paasing through about 1,450 mil^ 
of air, incloding the densest strata. Since meteors seldom 
penetrate to a vertical depth of more than twenty or Uiirty 
miles, without dissolutioo, it is very unlikely that meteors 
travelling parallel to the horizon should penetrate to a ver- 
tical depth even of ten or fifteen miles — since, to do so, 
their actual path through the air would be many times 
longer. Assnnung that meteors could escape after pene- 
trating in this manner to a deptJi of twenty miles, we should 
have, for eveiy meteor so escaping, almost exactly one hun- 
dred whose substance, whole or dissolved, would reach the 
earth. Even escaping meteors would never again appear as 
members of the November shower, since their orbit, after 
grazing contact of the kind supposed, would be very different 

* Of eoniM, not in rMili^ tuch a rinff, bnC apponntlj «i, Tiewed from the 
radiaat pdnt of tlie metMi-flight; and iDterceptiiig Uia wnte propwtUKi tt 
nuitotn M if BCtnall; bo. 
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(owii!^ chiefly to their low of velodty) from that which the; 
originally porsaed. 

The fact that such multitudes of meteors have, during 
80 many and such brilliant displays of November showers 
as have beep recorded, been stolen l^ the earth from the 
stream to which they belonged, serves to afford some con- 
ception of the immense number of meteors forming the 
November stream. Yet clearer views will be formed on this 
point if we consider the. evidence we have respecting the 
length, breadth, and thickness of that cluster, during the 
passage through which the display is visible. I have not 
space to dwell here on Adams's investigation of the meteoric 
orbit. Bat it is necessary to point out that we must now 
greatly increase our estimate of the length of the cluster 
causing the Xovember showers. The recurrence of displays 
during two or three consecutive years was simply accounted 
for OQ the theory of a nearly circular orbit, without assum- 
ing for tiie cluster a length of more than a few millions of 
miles. Now that we know that the meteor-flight travels in 
an orbit of great eccentricity, ^d with a period of 33} 
years, we know that the portion passed through by the earth 
in one year is several himdreds of millions of miles away 
when the earth next passes through the meteor orbit. Hence 
the recurrence of displays leads us to estimate the length of 
tiie cluster by hundreds of roillions of miles, instead of by 
mere millions. 

Next, for the breadth of the stream. On this point we 
have no exact information. It is sometimes assumed that 
the &ct tiiat the display may be seen in one hemisphere, 
while in another it is not seen (as last year, for instance, in 
America), points to a limit of breadth. But this is not the 
case. If we consider Figs. 4 and 5 we shall see that Ame- 
rica was on the sheltered side of the earth during the whole 
tinie of the display. When America had come to the side 
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turned towards the radiant, the earth's globe had, in all 
probability, passed through the meteor-stream. So that the 
limits of the thiekneaa, and not of the brtadtk of the stream, 
vere indicated by the non-visibility of the meteors in Ame- 
rica. Before the display had begun in England, the meteors 
were seen from Kishnagnr, fifty miles north of Calcutta, and 
they continued visible until the time of sunrise there. 
This would assign a breadth of not leet than 4,000 miles to 
the stream. But as, thioiighout the continuance of the 
display, the earth was crossing the breadth of the stream at 
the rate of about 1,000 miles an hour, we can assert positively 
that ihe breadth of the stream exceeded 6,000 miles. In 
reality, however, a very much greater breadth may be 
assigned, with great probability, to the meteor-etream. For 
if we consider the nature of the stream and the manner in 
which it has been probably generated in the track of Comet 
I., 1666, we shall see the great probability that its breadth 
exceeds its thickness. The causes tending to make meteors 
leave the mean plane of motion are much less efficient than 
those tending to distribute the meteors over that plane. 
Now the earth, during the time of the display, was crossing 
tiie thiekneaa of the meteor-stream at the rate of about 
18,000 miles an hour. Therefore, since the display lasted at 
least six hours (counting from the time of its being observed 
in India, when England was, as yet, on the earth's sheltered 
side), we cannot assign to the stream a less thickness than 
100,000 miles. The breadth is probably at least ten times 
as great. 

It may be assumed as certain that it is the passage of the 
earth tiirough the thiekneaa of the meteor-stream which 
limits the duration of the display. 

I shall conclude by quoting two observations, showing 
that the fine powder in which meteors reach the earth may 
be detected. Dr. Beicbenbach collected dust from the top 
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of a high mouiitain, which had Dever been touched by spade 
or pickaxe ; and oa aaaljBis be found tbie dust to consist of 
almost identically the same elements as those of which 
meteoric-stones are composed — nickel, cobalt, iron, and 
phosphorus. Again, Dr. Phipson notes that, ' when a glass, 
covered with pure glycerine, is exposed to a strong wind, 
late in November, it receives a certnin number of black 
aTigular particles^' which 'can be dissolved in strong hydro- 
chloric acid, and produce yellow diloride of iron upon the 
glasB-plate.' I quote these observations on account of the 
interest attaching (o them ; jwt as evidence to show that the 
majority of shooting stars never pass out of the earth's 
atmosphere. Such evidence is not required — the fJEict being 
mathematically demonstrable. 

InttUeeiual Obiena- for October 1867. 



II. 

Althocqh there was no display of the Xovember meteors 
last year [1867] in any part of Europe, yet the calculations 
of astronomers respecting the hour and character of the star- 
fall accorded very closely with the result^ actually observed. 
In the West Indies and in North America the display was 
well seen, and from the hour at which the maximum, 
occurred, it is readily calculated that had the morning of 
November 14, 1667, been clear in England, we should have 
seen the commencement of the display, but not its more 
brilliant part. The rfftTiniiiTin would not have been visible 
in our latitudes further east than the middle of the Atlantic. 
The mean of tiie hours which observers in America and the 
West Indies assigned to the occurrence of maximum display, 
differed less than two hours from the calculated epoch, a 
corcespondence which must be looked upon aa highly satis- 
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fectoiy, when it is remembered that our new vieVB respecting 
the nature of the meteor-zone are such as largely to enhance 
the difficulty of predicting the hour at which the display 
will occur. 

Further, it is clear from the eridence which reached ua 
from America that the part of the zone of meteors through 
which the earth passed last Kovemberwas very little inferior 
in the density of meteoric aggregation to the portion passed 
through in November 1866. 

The moet satisfactory news which reached us respecting 
the shower of 1867 was included in three letters, one from 
Commander W. Chimmo, who observed the shower off Mar- 
tinique, another from Captain Stuart, who observed the 
shower at Nassau, and the third from Professor Daniel Kirk- 
wood, who observed the shower at Bloomington, Indiana. 

Commander Chimmo, while sitting on the bridge of 
H.M.S. ' Oannet,' saw an immense number of bright sparks 
&lling into the sea, apparently close to the ship. * I thought 
they came from the ship's funnel,' he writes, ' because they 
resembled the sparks caused by the burning of wood.' But 
having seen a brilliant meteor bursting in the east, he 
called the attention of the first lieutenant and master to the 
phenomenon. These officers were on the bridge at the time, 
and they saw that the meteoric shower was falling rapidly 
and perpendicularly, a brilliant meteor eveiy now and then 
bursting and illuminating the whole heavens. The spot of 
cloud from which the meteors fell was only about one- 
sixteenth part of the whole heavens, a heavy nimbus cloud 
covering the rest of the sky. Commander Chimmo was 
unable to make distinct observations because the ship was 
just entering a strange harbour, and he and his officers were 
oldiged to withdraw their attention from the prc^ess of the 
display. He states that at Trinidad the shower was much 
better seen, no less than 2,000 meteors having been observed 
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betveeo two a.u. and daylight. The meteors -wen numerona 
in the N.E., as sees from Trinidad, and described arcs of 60 
d^reea. Some irere reddish, othere green, and one of a 
bright fiery purple. 

Now, there are several points in Commander Chimmo'a 
observation which are well worthy of comment. First, he 
saw the meteors falling perpendicularly. This is very dif- 
ferent from what happened when we were wabdiing tiie 
display in England on November 14, 1866. But when the 
aspect of the sidereal vault is calculated for Martinique at 
the hour of Commander Ghimmo's observation (about half- 
past five in the morning), it appears that the radiant^int 
was very close to the zenith, so that all the meteors would 
seem to be foiling perpendicularly towards the horizon. 
Again, from the splendour of the display seen by Commander 
Chimmo, it may be concluded that he watched the shower 
nearly at tbe epoch of mnTimnm intensity. This is con- 
firmed also by what be states respecting the star-shower seen 
at Trinidad, for although 1,600 meteors were seen there 
between two a.u. and daylight, only 693 were counted befi)re 
half-past five A.if., and very soon after six o'clock tiie 
approach of daylight must have put an end to the display ; 
so that within less than an hour upwards of 000 meteors 
must have been seen. 

Captain Stuart, at Nassau, observed the display under 
more &voujable circmnstauces. For Nassau lies 16° 11' 
fiuiher west than Martinique, so that the hour of maximum 
display occurred one hoiur earlier as respects local time. 
From Captain Stuart's statistics we may judge that he saw 
the star-shower from its true commencement to its true end. 
In other words, the commencement of the shower, as seen by 
him, was not due to the circumstance that Nassau was 
coming round from the sheltered to the exposed half of the 
earth's globe, but to the fact that the earth had begun its 
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passage through the met«or-zone ; and, in like manner, the 
termination of the shower, as seen by Captain Stuart, was 
not caused by the coming od of daylight, but by tiie &ct 
that the earth had passed through the meteor-zone. This is 
an important circumstance. Id England, in 1866, we did 
not see the true commencement of the display, though the 
weather was clear throughout the night of November 13-14. 
When the earth really began to pass through the meteor- 
band on that night I have not been able satisfactorily to 
determine. The news we had from Kishnagur showed that 
the display had b^un at ten p.m. (Greenwich time) on the 
nigfit of November 13, at which how England was on the 
sheltered half of the earth. But the obeerver who sent ua 
the account of the display, as seen from Kishnagur, did not 
see the commencement of the shower, having only begun 
obeerviog when the shower was already in progress. 

It follows from the mere fact that Captain Stuart saw both 
the true beginning and the true end of the display that the 
part of the zone traversed by the earth in November 1867 
was considerably thinner tlian the part traversed in 1866. 
The table on the nest page exhibits the most important of 
his results. It must be noticed that the observer, an intel- 
ligent nautical man, 'was not favourably placed for an 
extensive view of the heavens,' and two other observers 
counted no less than 1,100 meteors between 2h. 30m. and 
4h. 45m., up to which hour Captain Stuart had counted 
only 800. 

There is a mistake somewhere in the pubUshed table, the 
first and third columns not cortesponding exactly together. 
However the mistake, wherever it may be, is unimportant, 
only afiecting a five-minute period, and I believe that the 
following modification of the table represents what the pub- 
lished table was intended to express : — 
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Obskbtatiokb or thb BbtraoBic SHomB or Notxmmdi 14, I8S7, taien at 
NHua, N. P. BohamM (Ut 360 A' N., bog. 77° 22* W.), bj Captain' 
Stiurt, DcpDt; Lupector of Xiighihoiues. 
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It will be Been that the epoch of maximum display- 
occuired somewhere between 4h. 15m. and 4h. 20m. a.h. 
Nassau time, say at 4h. 18m, This corresponds to about 
half-past nine Oieenwich time, and it will be remembered 
that astronomers in England asmgned half-past seven as the 
hour of maximum display. 

Captain Stuart's account is confinned by tbo statements of 
Professor Kirkwood. Assisted by Professor Wylie and 
several etadents, he kept watch for meteors from 9h. 1 5m. 
F.U. to ^h. 15m. A.U., at the Indiana University, Blooming- 
ton. The night was very unfavourable for observation, the 
sky being obscured by so dense a haze that scarcely any 
fixed stars, except tboee of the first magnitude, were visible. 
It is remarkable that under snch circumstances any shooting- 
stars should have been seen at all, and we may feirly conclude 
that, had the night been favourable, a display equalliog, if 
not excelling, that which we saw on November 15-14, 1866, 
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would have been observed by the Profeaaor aod Mb fellow- 
watcbets. The resulta actu&lly obeeired were as follow : — 

NoTembei IS, bom Bh. Ifim. \o 13b. Om^ I meteor. 

„ 14, „ Ml Om. to Sh. IGm., 7ft wUon. 

Ih, ifim. to 4h. ISn., Wl meteon. 

tit. ISn. to fib. Itai, 9S metMiK 

The timeifl (Hnciimati time, difFering &om Greenvich time 
by about 5h. 38in. *It will be noticed,' says Professor 
Kirkwood, *that 351, or two-thirds of the whole number 
seen in eight hours, were observed between 3h. 15m. and 
4b. 1 5nL The nwiximnni ocouired about 3b. 45m., when tbe 
rate was twelve per minute. All the meteors, with one or . 
two exceptions, were conformable ' (that is, belonged to the 
Kovembei shooting-star system). ' Two or three were some- 
times seen simultaneously, and a tendency to appear in 
clusters was distinctly noticed. A very remarkable meteor 
was observed in Leo, a little above the Sicble, at about 
3h. 40II1. It was stationary, and continued viable between 
two or tbree seconds. It was at first small, but increased 
rapidly in magnitude, until, just before eztinctioD, it sor- 
passed Regulus, the only star in the Sickle then visible 
through the basse. This meteor was undoubtedly near the 
radiant.' 

The epoch of nutTiminn display assigned 1^ Frofessor 
Kiikwood corresponds to 9h. 23ni. (xreenwich time, and, 
therefore, agrees very closely with the result we have 
already deduced &om Captain Stuart's observations. This 
agreement is the more remarkable, because Nassau is 
upwards of 1,200 miles from Bloomington, so that the 
meteors seen in the two places belonged to different parts of 
the meteor-band. The agreement in the position of the 
r^on of densest meteoric aggregation, indicates a stratifica- 
tioD of the meteor-system, and corresponds, therefore, with 
the views respecting its structure which I put forward is 
the preceding paper. 
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Bat no« we hare to connder some Ter^rsnurkable con- 
clnsionB vhich flow from a Comparison of the obeerratiom 
made upon the lioTember meteors in the years 1866 and 1867. 
So long aa it was supposed that the band of met«ors held a 
poaition id -space nearly identical (save aa respects the incli- 
nation of the meteoric orbits) with that of the earth's orbit, 
it was easy to explain the occurrence of showers in two, or 
ereu in three, successiv'e years, without assuming a very 
remarkable extension of the meteoric cluster to which the 
more striking displays were supposed to be due. This cluster 
was supposed ia circle around the sun in a period either 
slightly exceeding or slightly falling short of a year, so that 
after one nearly central passage, the next encounter between 
the earth and the meteor-system would take place not very 
far on either side of the region of densest aggregation. We 
say not very far, and it will be seen presently that the 
expression is justified when tbe real dimensiooa of the 
meteor cluster come to be, compared with those we are con- 
sidering. But, in &ct, the distance between the points at 
which tbe earth was supposed to cross'themeteor-syotem in 
successive years was very, little less than the tbirty-third 
part of the circumference of the earth's orbit, so that the 
space we have spoken of as miall, really amoimted to about 
fifteen millions of miles. 

But DOW let ue consider the true figure of the meteor- 
orbit. We suppose that most of our readers are iamiliar 
with the evidence which -bas led astronomers to recognise 
the fact that' the' meteors travel in a period of 33^ years. 
We have not space even to summarise the process of inquiry 
pursued by Adams — for to Adams alone is due the discovery 
in qnestion — but we may remark that the result he obtained 
18 not a dubious one. Those who understand the nature of 
the problem be dealt with, and the exact manner in which 
mathematical analysis enables us to deal with such a pro- 
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blem, know that the agreement between the nodal shifting 
of the meteor-band with that due to an orbit having a 33^ 
.years period, lb sufficient to prove beyond a doubt that this 
period is the true period of the system. 

So soon as tlie period is known, it becomes at once possible 
to estimate from the assigned position of the radiaot-point 
the true direction in which the meteors cross the earth's orbit, 
and thence the exact position of tlie orbit. In this part of 
the work, a part which is within the powers of very inferior 
mathematicians. Professor Adams was anticipated, we believe, 
J>y Leverrier, his co-labourer of old, and by others. A 
slight difference exists between the results obtained by 
different mathematicians — a difference wholly due to the 
different radiant-points they adopted. Taking Adams's 
reaulta, founded on the supposition that the radiant-point 
was situated in R.A. 149" 12', and N. Dec. 23^ 1', we have 
the following elements for the meteor-system : — 

Fraiod 3325 7Mn (HBanmed). 

Mean dittanee .... 10'S1I>2 

Ensntiieitj 0^047 

Farihrlion dtMance .... 0-8895 

Incliruttion 19' iff 

Lnngilnde of node .... .M" IS* 

DiMnnw of p«ribelion from node 6° At' 
' Hation relmgntde. 

Schiaparelli's results differ very little from these, save as 
respects the two following elements : — 

Inelinatioa . i ..... . 17" H' 

DicUiwa of peritKlion &oei node . , . . 4° S7' 

It is iiQportant to notice that a very trifling difference in 
the assumptions made with respect to the position of the 
radiant-point, affects these two elements appreciably. 

Fig. 6 represents the orbit of the November meteors, 
according to the estimate of Professor Adams. EE' is the 
t«r(h'B orbit, crossed by the meteor-aystem, at the point 
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marked ??, which indicates the descending node of the 
meteoric orbft upon the ecliptic- The perihelion of thi 



Fro. 6.— The orbit of (he November meU'or*. 
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meteor-sTstem is at p, the aphelion at a. The orlnta of 
Mars, Jupit^-, Saturn, and Uranua are indicated by the 
letters MM', jf, ««', and uvf respectively. The arrowB 
indicate the direction of the orbital motions. It must be 
observed that the portions of the orbits of Jupiter, Satom, 
and Uranus are laid down with their proper eccentricity. 
For instance, the centre of the arc u u' is at v.*, not at S. 
The eccentricity of the orbit of Mars will be obvious at 
once. The line a Q ia that in which the plane of the 
meteorio-Eone intersecte the plane of the ecliptic, tt will 
be noticed that the ascending node lies close to the orbit 
of Uranus. This approach to coincidence came out exactly 
as represented, by the mere process of careful construction. 
As there is every reason to believe that the introduction 
of the meteors to their present position was due to their 
having approached Uranus very closely (the epoch assigned 
by astronomers to the appulse is a.d. 126), it follows, 'of 
course, that their orbit ought t« indicate an agreement of 
this sort — for, having once assumed an orbit through the 
attraction of Uranus, tiiey were compelled from that time 
forth always to pass, once in each revolution, through the 
point at which the eDOOunter took place. 

The part of the meteor-orbit on the right of the line Q J} , 
in the figure, is supposed to lie above the plane of the paper, 
the remaining part below that plane. The lines tipped with 
arrow-heads indicate the amount by which the orbit is 
depressed below or raised above tiie ecliptic-plane on the 
scale of our figure. In this indication only the part of each 
line between the two cross-lines is to be considered. It 
will be noticed Uiat when these effects of the inclination of 
the meteoric orbit are attended to, the orbits of Jupiter and 
Saturn are found to pass at a considerable distance fix>m the 
meteoric orbit; in fact, neither Jupiter nor Saturn can 
ever approach the meteors at a less distance than about 
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eighty-five millions of miles, even at those points where, in 
the figure, the orbits of these planets appear to intersect 
the meteoric orbit. Mars, in like manner, cannot approach 
the meteors by a less distance than twelve or thirteen 
millions of miles. 

The division-marks round the orbit of Uie meteors indi- 
cate the area over which thej pass in successive years, start- 
ing from p. Thus, in one year a meteor will have reached 
the point 1, in two the point 2, and so on ; and it will pass 
the aphelion-point, a, after sixteen years and five-eighths 
have elapsed from the epoch of perihelion-passage. It will 
be observed that the rate of motion in aphelion is very much 
less than the rate in perihelion ; in fact, in one year after 
perihelion passage a meteor traverses upwards of five hun- 
dred millions of miles, whereas, in one year near the aphe- 
lion-passage a meteor travels over about forty-five millions of 
miles only.* 

I believe that the figure which accompanies this article is 
the first in which the true relation of the meteoric orbit to 
the orbits of the planets (properly eccentric) has been 
exhibited with any approach to exactness. 

If Schiaparelli's elements be adopted, the line p a would 
have to be shifted around S, through an angle of about two 
degrees, the end a moving towards the right. 

* In connection with the pointa motliad 1, 2, 3, 4. etc, I maj Tsntnre to 
relate a somewhat amneing aaecdote. A teTj emineot utninomer was deairous 
of drawing B 9gun correeponding to that presented in mj iUoBlmtiTe plate. 
But he WW BO Hcciutomed to abatruge matbeioatinLl inTeetigatioDS that the 
Bimple pFoe«BB of oonatructioa which a far inferior mathemntidan would make 
UN of — those, for example, which I used in coDslrneting the figure of the tabit 
— did not occur to him. luateud, tharefore, of laying down the ellipse ttoin its 
known axis m^or and eccentricity, he adopted a veiy novel and somewhat 
laboriOQS process, correaponding to the process of breaking a, bntterfly on the 
wheel. He actually eaieuUttd erery one of tile points marked 1, 2, S, eU.. 
deducing the radins-Tector and eccentric anomaly, in each case, by a compli- 
cated process of approximatire calculation ; and then, when he had marked in 
all these points, he took his ellipse thmugh them. It is as lliough a sam in 
addiiioD were «ork«d I7 the difforential cslculof. 
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One of the most interesting facts revealed daring recent 
iTB, is the circumstance that the orbit of the November 
iteon exhibits a very close accordance with that of a tele- 
>pic comet discovered by Tempel, early in 1866. The 
bent of the agreement will be perceived by comparing the 
lowing elements of the comet with those assigned above 
the meteoric orbit i — 



Pwiod .... 
lie&n diitoDM . 










3S-I8 TMn. 
lO'SUS 


Peribelion dUUDce . 

Inclination 

DisUoM of perihelion from nod 
Direction of motion . 










0-9064 
0-9765 
17° iff 
(,1° atf 
B" 2" 



leee are the elements assigned by Dr. Oppolzer. It will 
noticed that the inclination lies between tiie values 
ligned by Adams and Schiaparelli to this element. , The 
itance of the perihelion &om the node differs 2° 11' from 
lame's estimate, and i" 5' from SchiaparelU's. A very 
ght difference in the assumed position of the radiant 
iut« of the November meteors would have brongbt these 
iments into perfect ^^reement. The period of 33'25 
ars assigned to the November meteors accounts for a large 
oporijon of the remaining discrepancies, wliich, however, 
3 exceedingly minute as it is ; in fact, the figure of the 
bit assigned to the comet would correspond so closely with 
Eit assigned to the November meteors in the plate, that it 
luld not be possible to distinguish one from the other on 
e scale of that figure. The difference of position would 
rrespond to a shifting of the line p a around S, the end 
moving towards the left, through an angle of 2° 11'. The 
,ter difference is one which could be wholly accounted for, 
t only by assuming a very minute error in the detennination 
the radiant-point of the November shooting-stars, but by 
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assuming very slight errors in the observatiooB made upou 
comet I., 1866, during the time ttiat it continued visible ia 
our Bkies. No reasonable doubt can exist that the meteors 
and the comet tbrm a single system. And, by the way, it is 
worth noticing that, as the comet passed its perihelion early 
in January 1866, it had travelled the best part of the way 
towards the point 1 in November 1866 ; so that we passed 
through a point ( gj ) removed some four hundred millions 
of miles &om the nucleus of the comet. In 1865, on the 
contrary, the earth passed through a point much nearer to 
the head of the comet, but in advance of it. 

And now let us consider for a moment the actual volume 
of the space which is occupied by cosmical bodies, aggregated 
wiUi greater or less density, and forming what we now know 
as the November meteor-system. Ia the first place, we 
must, I think, dismiss the notion that there are gaps or 
breaks in the system. A consideration of the well-authenti- 
cated observations which have been made upon the meteors 
suffices to show that, although there are variations in the 
density of meteoric aggregation, and ahto in the thickness 
of the ring of meteors in different parts of its circumference, 
yet these variations take place in a continuous manner ; in 
other words, there are neither sudden increments nor sudden 
decrements in the density of meteoric aggregation. 

We have, then, a ring of meteors, formii^ an ellipse of 
the figure presented in our illustrative plate. The major 
axis of this ellipse is about eighteen hundred and eighty-five 
millions of miles long ; its circumference little less than 
forty-four hundred millions of miles long. The ring is 
probably flattish, but is certainly variable in thickness. 
What its width may be we cannot tell. Our supposi- 
tion that the ring is flat involves, of course, the conclusion 
that the width of the ring is greater than the thickness, and 
■we think there can be veiy little doubt on this point. The 
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disturbiog forces to which the ring is subjected are such as 
tend far more to an increase of width than to an 
Be of thickness. In the preceding paper I pointed out 
ae consideration of the phenomena presented during 
iplay of November 1S~14, 1866, sufficed to show that 
rtion of the meteor-system through which the earth 
lassed was certainly not less than 100,000 miles thick, 
,000 miles broad: We may fiiirly assume that the 
h of that part of the ring is some million or so of 
Now, we have seen that the part of the ring traversed 
7, although quite aa densely crowded with meteoric 
, was not BO thick as the part traversed in 1866. 
ng the same method to the determination of the 
ess that I used in the latter case, we obtain a thick- 
' about 60,000 miles. We may feirly assume a breadth 
lea as great. Further, the part of the ring we passed 
h in 1866 had moved off upwards of 530,000,000 
n November, 1866. The whole of this long arc was 
id by a portion of the ring, which we may suppose to 
.himied off gradually from a thickness of 100,000 
at one extremity, to a thickness of 60,000 at the 
Assigning to it a mean thickness of 80,000 miles, 
mean width ten times as great, we obt^n for the 
) of the portion of space thus shown to be occupied 
«ors, the following imposing dimensions : — 

80,000x800,000x530,000,000 cubic miles; 

;, no less than thirty-four millions nine hundred 
enty thousand milliom of millions of cubic miles [ 
dave spoken of densely aggregated meteors in dealing 
lat portion of the system which supplies brilliant 
Is. But this term must be understood relatively, not 
;ly. Even the appearance of ten or twelve meteors 
»cond, which would correspond to a veiy brilliant 
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shower, would not indicate a very close a^K^tion of 
the members of the meteoric eyetem ; for, in a second, the 
earth paasea over eighteen miles, and the meteors traverse 
ahout twenty-five miles in the same period.* Hence, 
making due allowance for the inclination of the meteoric 
orhit, we find that an interval of one second corresponds to 
the passage of the earth through ahont forty miles of the 
meteor-system ; and twelve minute bodies along a line of 
forty miles could bardly be said to be very closely aggre- 
gated. But this would correspond to the case of all the 
twelve meteors appearing in exactly the same part of the 
heavens. As, in fact, they appear in different parts, we 
must further take into consideration the circumstance, that 
meteors may be visible simultaneously at places removed 
some 1,500 miles from each other ; in fact, the considera- 
tion of Figs. 4 and 5 illustrating the preceding paper will 
show that our twelve meteors must be supposed to be 
contained within an elliptical tubular space, the length of 
the tube being forty miles, the major axis of the ellipse 1,500 
miles, and the minor axis varying according to the hour of 
display. As the weight of twelve November meteors would 
in general hardly exceed a few pounds, we can see that the 
mean density of the meteoric ring is indefinitely small even 
in the richest parts of the system. 

Space will not permit me to dwell, as I should wish to do, 
upon the startling considerations suggested by the examina- 
tion of the November meteor-system. Wonderful as is the 
scale of the system itself, it is rather what the system sug- 
gests respecting the interplanetary spaces which most strik- 
ingly attracts our attention. Look at the orbit of the ring, 

* The foUowing ninpls forroaU is conrrnienC for deCenamiDgtbe relation 
brlvecD the Telocities (v and d') of two bodies at the aama diaUDce r from the 
■DD, and trikTelling in orbits haTiog mean distdDcea a and a respectiTtl;. 
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as pictured in our illustrative figure, and consider how 
minute the a priori probability that the earth should en- 
counter 8uch a ring of meteors, if there were but one. The 
chances may be reckoned at millions on millions to one 
against encounter. And therefore the chances are millions 
on millions to one that there is more than one such ring, 
and the balance of probability is in favour of'there being 
millions of such rings. We know that this ring presents 
no sign of its existence (save at the epoch of encounter), 
even in the most powerful telescope. We know, also, that 
the comet which is associated with it has escaped detection 
for hundreds of years, and might very well have escaped 
detection for many more hundreds. Therefore we may 
safely assert that, in the mere non-detection of any signs of 
the existence of other meteor-rings, there is absolutely no 
argument whatever against the theory (in itself a highly 
reasonable one) that there are millions of rings similar to the 
November meteor-system. But I must refrain from pushing 
farther the speculatioas suggested by theories of this sort. 

Many of my readers Ivill, doubtless, be anxious to know 
what prospect there is of a display of meteors being visible 
on the 14th of November 1868. I fear there is but little. 
Calculating from the display of 1866, we should assign half- 
past one or a quarter to two (in the afternoon) as about the 
hour at which the earth will pass through the richest stratum 
of the ring-system. Calculating from the display of 1867, 
v/e should assign half-past three or a quarter to four as the 
hour of passage. At either epoch England will be upon the 
sheltered hemisphere of the earth. 

Ib feet, it is not likely that the display will be well seen 
by practised observers anywhere. In New Zealand it may 
be seen, though the position of New Zealand on the earth's 
southern hemisphere is unfavoiirable (for reasons suggested 
in the preceding paper). It is possible that a few tra- 
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Tellers who may happen to see the phenomenoD £rom various 
porta of the Pacific in which (if the views above expressed 
be correct) the display will be visible, may think it worth 
their while to report their observations. On the whole, 
however, it is more probable that we shall hear nothing of 
the November shooting-stars of the year 1868. 

It is joBt possible that the form of the ring-system may 
not be so regular as we have been supposing. In this case 
the hour of display would not correspond to the above cal- 
culation, and we miight even see the shower in England. 
The chance of its occurring on the morning of the 14th is 
about equal to that of its occurring on the morning of the 
Idth of the present month, and observers shuuld therefore 
watch for meteors on both nights. 

Tht Stvdtnt for NoTsmber 18SS. 
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QTIAQim THE NOVEMBER METEOR-STREAM. 

Last year [1868] I diBcossed the figure of tlie November 
meteoT-KiTbit, showiiig how we learn from the researches of 
Professor Adams that the meteoric-system extends far out in 
space beyond the orbit of Uranus. This year I wish to deal 
with another and equally interesting feature of the November 
meteor-eystem, namely, the varying depth of the stream of 
eosmical bodies of which it consists. We have been for- 
tmiate enough to obtain accounts of the display during 
three years in succession, and these accounts are of such a 
nature that we can determine the hours at which the dis- 
play has commenced and terminated /or the whole earth, as 
distinguished from the apparent commencement or termina- 
tion at particular places. And the information thus secured 
serves to add coosiderably, not only to the interest with 
which we regard the whole subject of the November meteors, 
but to that with which we look forward to the display of the 
present year [1869]. It is important that observers should 
be aware of the fact that this year's display, if it should bo 
well observed, will serve to confirm or to disprove certain 
remarkable conclusions which have been drawn from the 
observations made last year. 

Let us briefly consider what we have hitherto learned 
respecting the depth of the meteoric system at those par- 
ticular parts of its length at which the earth has traversed 
it during the last few years ; and, then, by combining toge- 
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gether the information thus obtained, let us endeavour to 
form a conception of the shape of the meteor-stream. 

In November 1867 (see * Intellectual ObBerver'for that 
month), I examined, at considerable length, the evidence 
we had obtained respecting the part of the system traversed 
by the earth in 1866. Since that paper was written I have 
obtained evidence on a point then referred to as doubtful. 
I have learned that in India the display began some hours 
before four a.ii., local time. Therefore the thickness of 
about 100,000 miles, which I then assigned to the meteor- 
system at that part of its coarse, may be increased to some 
110,000 or 115,000 miles. 

In November 1866, I dealt wit^ the earth's passage of 
the meteor-system in 1867. The evidence from America 
served to prove that a very fine display had been observed ; 
but that the display did not last so long as in 1866. And 
the conclusion to which we were led was that the thickness 
of the meteor-stream, where the earth then traversed it, was 
little more than 60,000 miles. 

Thus we seemed to have evidence of a thinning off of the 
meteor-syBtem. And remembering that the comet, with 
which the system seema in some inexplicable way to be asso- 
ciated, had crossed the earth's orbit shortly before the dis- 
play of November 1866, we might unreasonably have been 
led to the conclusion that the thickness of the meteor-system 
diminished in proportion to increased distance firom the 
cometic nucleus. This inference would have led ns to expect 
in 1868 a display of a very unimportant character, and 
visible over a very limited area. The particular region over 
which the display was to be looked for was not a promising 
one. ' In fact,' I wrote at the time (and, in a letter sent 
soon after to * The Times,' Mr. Hind, the superintendent of 
the 'Nautical Almanac,' expressed a very similar view), ' it 
is not likely that the display will be well seen by practised 
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observers anywhere. In New Zealand it may be seen, though 
the poeition of New Zeahind on the earth's aouthem hemi- 
sphere is mi&Tourable. It is possible that a few travellers, 
who may happen to see the phenomenon from various parts 
of the Pacific in which the display may be visible, will think 
it worth their while to report their observations. On the 
whole, however, it is more probable that we shall hear 
nothing of the November shooting-^tara of the year 1866.* 

Therefore, when news was received from various parts of 
England that the display had been well seen, the esplanation 
to which astronomers somewhat hastily jumped was on this 
wise : — The November meteors, traversing their wide orbit 
around the snn, are liable to be attracted from their normal 
paths by the infiuence of Jupiter, Saturn, and Uranus — all 
three being giant members of the planetary system — and as 
all the meteors travelling in a given part of the system must 
be subject to the same influence, it is clear that the meteor- 
stream will be liable to changes of figure, resembling the 
vibrations which pass round an elastic hoop that has been 
sharply struck. And though these vibrations, considered 
with lefeieDce to the whole orbit of the meteors, might 
appear as insignificant as the scarcely perceptible vibrations 
of our illustrative hoop, yet they must shift the meteor- 
stream through spaces of enormous real extent. So that if 
the eartli reached in November a part of the system where 
the range of vibration from the true orbit was a maximum, 
the epoch of the display might be hastened or delayed by 
several hours. And thus the unexpected occurrence of a 
display in November 1868 might fairly be accounted for. 

Although this reasoning is undoubtedly plausible — nay 
more, though it is undoubtedly true that the meteor-eystem 
must be subject to vibrations of the kind considered, yet it very 
soon appeared that the occurrence of a display in November 
1868 was due to a cause of quite a different character. 
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Remembering the evidence obtained in 1867, of a thin- 
ning off in the meteor-stream, it will be evident that, 
supposing the part passed through in 1668 to be cor- 
reepondingly diminished in thickness, the display could not 
have lasted more than two or three hours ; and, therefore, 
being, as I have said, well seen in England, it would ne- 
cessarily have been invisible (occurring in the daytime) in 
America. 

But news was received that the display had been well seen 
in the United States. 

It was at once evident, therefore, that the process of 
thinning off had been followed by a contrary process, and 
that in fact the thickness of the stream where the earth 
crossed it in 1666 was not only greater than at the part 
traversed in 1867,but even than at the part traversed during 
the great display of 1866. 

This result is so interesting, and serves so lai^ly to en- 
hance the interest with which we look forward to the display 
of the present year [1869], that it may be well to consider 
somewhat closely the evidence on which it rests. 

So far as the display in England is concerned, we have 
very satisfactory evidence. Let us take Professor Grant's 
description of the shower as observed at Glasgow. 

Until about half-past two on the morning of Xovember 
14th, the sky was somewhat overcast, but it was evident 
even then that a shower was in progress, as a meteor would 
be seen every now and then to Sash across an opening between 
^e clouds. At half-past four it wan clear in all directions, 
and it became easy for the observers to convince themselves 
that the meteors which appeared in every part of the heavens 
belonged to the November system. In every instance the 
course of the meteors was found to emanate horn the 
radiant of the November system. The meteors were com- 
monly white, but in some instances a trace of red could be 



,.,.d,i. Google 



140 ASTBONOHICAL ESSATS. 

recognised. It was noteworthy, however, that no trace was 
visible ' of the beautiful green which formed eo interesting 
a feature of many of the meteors of Xovember 1866.* 
This peculiarity is well worth dwelling on for a moment. 
It would be an interesting circumstance if we could trace a 
systematic law of change in the character of the meteors, 
according to their distance from the cometic nucleus of 
the meteor-system. 

Many of the meteors were large, ' three or four exceeding 
Jupiter in brightness, but not equalling the planet Venus, 
which was shining with intense brillancy in the east, and 
formed an excellent standard of comparison for estimating 
the brightness of the larger meteors,' Size again — that is 
(1) the average size of the meteors, and (2) the size of the 
largest which make their appearance — is a feature which 
should be careiully attended to in observing the coming 
display. We want all the evidence we can get to guide us 
towards a solution of the difficult questions suggested by the 
meteors ; and we must not be deterred, by considerations of 
the apparent insignificance of this or that feature, &om re- 
cording every phenomenon which may by any possibility 
afford a useful hint. 

But our chief concern at present is with the thickness and 
density of the meteor-stream. 

Professor Grant and his assistant noticed that the shower 
sensibly increased, from 4h. 30m. to 4h. 56m., and ' as it 
appeared very desirable to endeavour to ascertain the time 
of ita maximum,' he ' proceeded, in conjunction with Mr. 
John McKinnel, the junior assistant, to count the number of 
meteors which might become subsequently visible.' It would 
appear from the resulting numbers that the shower attained 
its maximum at about a quarter past five. But there was 
no such sharp accession of richness as had been observed in 
1866 or 1867. The following table, which indicates the 
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numbei of meteors seen ia successive intervals of five 
minutes, commeaciug at four minutes before seven, sen'es 
to prove this : — 



h. m. 


b a. 


Htuon 


h. B. 


li. m. 


Heteara 


Vim * S6 


oli 1 . 


22 


From 6 31 t 


S ss . 


18 


„ 6 1 


6 a . 


28 


„ 6 38 


G 41 . 
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14 


.. S 11 


6 18 . 
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„ fi 48 
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11 


„ 6 16 


8 21 . 


IS 


„ 6 51 


G 68 . 


13 


„ 6 31 


S 28 . 


20 


„ 5 G8 


6 1 . 


8 


„ 5 2S 


S 31 . 


31 


,. 8 1 


6 8 . 


19 



"We shall presently see that Professor Grant observed 
neither the real beginning nor the real end of the display. 

We turn next to the observations made in the United 
States. Professor Kirkwood records them, but was unfortu- 
nately unable to take part in them as on former occasions. 
On the morning of the 13th, Professor Wylie observed 165 
meteors, of which the greater number belonged to the 
November system. After sunrise. Professor Kirkwood be- 
thought him of an observation mtide 1:^ Humboldt in 1799, 
and ' standing in the shade, on the western side of a building, 
watched the vicinity of the radiant, hoping to see some of 
the lai^est of the meteors.' He saw five or six, and Mr. 
Maxwell, a tutor in the State University, who watched with 
him afterwards, ' saw one, beyond doubt, and three others 
less certainly,' This feet is interesting, as confirming 
Humboldt's assertion that the meteors can be seen in the 
daytime. 

On the night of the 13th the display was well seen. A 
committee of the senior class in the University kept watch 
from 11 o'clock p.m. till 4h. 15m. a.h. (Cincinnati time), 
during which they counted no less than two thousand five 
hundred meteors. The maximum was at about half-past 
three, 'nine hundred meteors having been coimted during 
the forty-five minutes immediately preceding.' This is at 
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the rate of one hundred in five minutes, and enormously 
exceeds the numbers counted in corresponding intervals by 
Professor Grant and his assistantfl. Many of the meteors 
vere very brilliant, and left long trains which continued 
visible for several minutee. Three or four were observed to 
explode, or at least to separate into several parts, — a pheno- 
menon which had not before, so far as I know, been observed, 
in connection with the November meteors. 

At five minutes to five the watch was renewed by Professor 
Wylie, who continued to observe the meteors until 6h. 1 Im., 
counting seven hundred and eighty in one hour and sixteen 
minutes. 

There are several remarkable points to be noticed in this 
narrative : — 

In the first place, the display began on the night of the 
12th, and was still in progress at daybreak on the 14tb, or 
more than thirty hours later. In 1866 the display did not 
last more than five or six hoiu^ and in 1867 its duration 
was even less. 

Again, the epoch of maximum display observed in the 
United States does not by any means correspond with the 
hour named by Professor Grant. The difTerence of time 
between Cincinnati and Greenwich ia about 5b. 36m., so that 
the hour of Profeseoi Grant's- maximum (5h. 15nL, on the 
morning of November 14th) corresponds to twenty-three 
minutes before midnight, November 13-14, at Cincinnati. 
Hence, nearly four hours after Professor Grant's mflTimn mj 
the earth passed through another and a much denser part of 
the meteor-system. 

Again, a fact was noticed in America which serves to con- 
firm the evidence afforded by the circumstance just noticed, 
of a stratification of the meteoric system in that region 
which the earth traversed in 1868. At frequent inter\als 
throughout the night, says Professor Kirkwood, 'a lull 
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OGcmred in the display; while at other times, for a few 
seconds, the meteors were so numerous that they could 
scarcely be counted.' 

But the meteors were to be seen at yet a third station, far 
removed both firom England and from the United States ; 
and it will be well, before summing up the evidence which 
last year supplied respecting the constitution of the meteor- 
c^tem, to examioe the facts observed at this third station, 
the Cape Town Observatory. 

Mr. Maclear noticed the first meteor &om the radiant in 
Leo, at Ih. 18m. Cape time. Such an observation, if made 
in England, would signify that the true commencement of 
the display had then taken place, and so would be discordant 
with the evidence from America. But a reference to Figs. 
4 and 5, pp. 110 and 111, wilt at once show that the Cape 
only began at about that hour to be within the range of 
the hail of meteoric projectiles. To represent the matter 
in another light, the radiant in Leo rises several hours later 
at Cape Town than in our latitudes. 

The display was not very remarkable at first, nor indeed 
did it at any time attain such proportions as in the United 
States. Still at about a quarter to three, a shower of some 
importance seems to have been in progress, a dense liaze 
concealing many of the smaller ones from view. The exact 
time which Mr. Maclear assigns as the epoch of maximum 
display is 2h. 42m. Cape time. This corresponds to about 
lb. 31m. Greenwich time. Here then is another maximum, 
occurring before Professor G-rant's — ^in &ct before the sky 
had cleared at Q-lasgow. 

But it is quite clear from Mr. Maclear's account that the 
true maximum did not occur at the hour he names. There 
were, in fact, several maxima. Certainly in the minute be- 
tween 2h. 42m. and 2h. 43m. more meteors were seen than 
in any other single minute. But if we take the interval of 
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teQ Boinutes beginniag fit 2fa. 37m., we find that only thirteen 
meteors made their appearaDce ; whereas in the interval of 
ten miautee heginning at 3h. 37m. eighteen meteon were 
seen. 

The fact is, Mr. Maclear's obaervatioDB confirm those 
already recorded with respect to the evidence they a£ford 
of a very decided stratification in the meteor-etream. At 
least that is the view which seems forced on us when we 
interpret what was observed in 1868, hy means of what 
took place in the two former years. For in 1866 and 1867 
there was so close an accordance between the epochs of 
nuLzimum display observed in places very far apart, as to 
prove that the denser regions of the system were of con- 
siderable width — or, in other words, that there were real 
strata of meteoric a^regatioD. In 1868 we had no evidence 
of this sort, though we have none disproving the notion that 
the part of the system then traversed was also stratified. It 
is still possible, however, that the earth passed in 1868 
through a succession of clustering aggregations rather than 
through strata of aggregation. It is to be hoped that the 
observations which may be made this year will serve to 
clear up this difficulty. 

Let lis now sum up the evidence we have respecting the 
portion of the system traversed in 1868; and then, com- 
paring that evidence with what we know of the regions tra- 
versed in 1866 and 1867, let us endeavour to picture to 
ourselves the solid figure of the arc of the meteor-system 
extending from the place of Comet I, 1866, to the region 
traversed in 1868. We may add the observations made in 
1866, though these applied to a part of the meteor-system 
which is travelling in front of the comet. 

The earth occupied at least thirty hours in traversing the 
meteor-stream. As the passage was oblique we must not 
take the earth's orbital velocity of some sixty-five thousand 
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miles per hour ; but we must reduce our eBtimate to about 
eighteen thousand miles per hour, that being about the 
value of that portion of the Earth's velocity which is carry- 
ing her directly through the meteor-stream. This gives to 
the stream a depth of no leas than five hundred and forty 
thousand miles. So that the part traversed by the Earth in 
1868 was more than five times a^ dt^ep as the part traversed 
in 1866, and nearly ten times as deep as the part traversed 
in 1867. 

These results, combined with what ia already known of 
the figure of the meteoric orbit, enable us to form some 
conception of the real figure of the meteor-system in space. 
It must of course be remembered that as the meteors circle 
round in their orbit, the condensation occupying successively 
difierent parts of the long oval pictured in Fig. 6, the con- 
figuration of the system must vary very strikingly. For 
example, when the condensed part of the system is near 
aphelion the whole of the richer part of the system around 
the condensation must be compressed along a much shorter 
arc. We may measure this richer portion (in arc-length) by 
estimating the time which the last straggler belonging to it 
would take in reaching the position occupied by the leading 
member of the vanguard ; and this time we may assume to 
be very nearly constant. This being so, it will be ob/ious 
from a moment's study of the orbit, that when in aphelion 
the whole of the richer portion of the system may scarcely 
occupy one-tenth part of the space which the same portion 
comes to occupy when its condensation is travelling past 
perihelion. 

It is only, therefore,at a special time that the accompanying 
drawing* can be taken as illustrating the configuration of 

* Fig. 7 is not the diaving which origiDsIly iltustrated the article. It 
btts been extended so as to exhibit the parti actuallj tmrereed (siooe the 
article vaa written) in 1869, ISTO. and 1S71. See oeit pnpei and nole ul 
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the part of the meteoric-Bystem which has daring the last 
few years passed the descending node near the Earth's orbit : 



tn>n»ed In ^^•e*. 



uvmt&l in I8C9. 



I'm, 7. — Ideal riew of Tempers comet and thn Norember meteor-system. 
greatly exnggemted id cross-seclion. 

at the present time, in fact, the meteor-system may be sup- 
posed to occupy such a position as is here depicted. It will 
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be noticed that the cross section has been made to vary 
according to the guagings obtAined above. But it will be 
understood that it is absolutely impossible to indicate in a 
BatiB&ctory manner the true relations of the system ; because 
the cross section, if laid down according to the real dimen- 
sions of the system, would be almost evanescent unless the 
orbit were represented on a very large scale indeed. The 
figure, therefore, must be accepted as rather intended to in- 
dicate that the depth of the system varies according to such 
and such a law, than to present a true picture of the meteoric 
nystem. 

The comet (whose dimeDsions are enormously ezi^gerated) 
occupies the position indicated by the observations of 
1866. No stress is to be laid on the connection indicated 
between the comet and the meteor-system ; because we are 
altogether ignorant what the real connection may be. At 
present, indeed, there are few circumstances more perplexing 
than the observed association between comets and meteor- 
systems. That in several instances a meteoric ring should 
occupy the exact position of a cometic orbit can hardly be 
supposed to be merely an accidental coincidence. Therefore, 
some sort of assodation is indicated ; but what the nature 
of the association may be, by which flights of solid bodies 
are connected with gaseous comets, is a riddle whose solu- 
tion no information we at present possess enables us even to 
guess at. 

One circumstance which has not hitherto, so far as I 
know, been considered (though it is so intimately associated 
with the inquiries of Schiaparelli, Hoek, and others, that I 
am prepared to find I have been anticipated in dealing with 
it) seems to bear importantly on the relation in question. 

It is well known that nearly all the comets which travel 
in periodic orbits around the Sun, have been brought into 
their present subordination to the solar attraction by the 
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influence of the giant planets which travel outside the orbit 
of the asteroids. Each of these planets probably has its 
own family of comets, though hitherto we have only been 
able to satisfy ourselves respecting the existence of such a 
family in the case of the planet Jupiter. We know that a 
large number of comets have their aphelis close to the orbit 
of Jupiter, and we recognise the meaning of this when we 
remember that a comet travelling &om outer space along a 
course which would bring it near to the giant mass of 
Jupiter, would be forced by his attraction (under ordinary 
circumstances) into an orbit having its aphelion not very 
far from the scene of the encounter. 

Now it has been shown that Comet I, 1866, and the 
meteor-Bystem associated with that comet, travel close past 
the orbit of the planet Uranus. The ascending node of the 
comet's orbit, in feet, is quite close to the orbit of Uranus, 
so that it is probable that the comet approaches that orbit 
more nearly even than the known members of Jupiter's 
comet-family approach the orbit of their ruling planet. 

We must look then on Uranus as the planet by whose 
attraction the comet was forced to take up its present orbit, 
and astronomers having traced back the history of the comet, 
and that of distant Uranus, have found that in the year 1'26 
A.B., Uranus and the comet were so close that for a brief 
time the comet was more under the influence of the planet's 
attraction than under that of the Sun's. At this time it 
was, then, that the comet was forced to travel on ita present 
orbit. And it was by the merest accident that this orbit 
passed so near as it actually does to the Earth's orbit. Now 
where were the meteors when that encounter took place ? 
If they had been straggling far behind the comet like the 
major part of the system at the present time, they would 
not have been brought under the influence of Uranus as the 
comet was, and their paths would not afterwards have shown 
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any approacli to identity with the comet's orbit. The fact, 
then, that there is that eingular identity in the track of the 
comet and of the meteors, shows conclusively that every 
particle of matter constituting the meteors must originally 
have been in the immediate neighbourhood of the comet. 

It ia then since the introduction of the comet into our 
system that the meteoric ring has been formed. Up to its 
encounter with Uranus, the comet and the meteoric matter 
had been collected within a space of very small dimensions 
indeed, compared with the present dimensions even of what 
we term the condensed part of the meteor-system. About 
this we may feel absolutely certain. When we inquire, 
however, how the dispersion came about, we find ourselves 
surrounded with difficulties. Passing over the physical dis- 
tinctions which seem to dissociate the meteors from their 
cometic companion, it is by no means easy to explain, in 
accordance with the laws of motion, the enormous extension 
at present attained by the meteoric system. If we suppose 
such a diversity of distance between Uranus and the various 
parts of the meteor-system at the epoch of encounter as 
would result in differences of velocity sufficing to account 
for the present dispersion of the system, it becomes difficult, 
as already shown, to explain how it was that the whole of 
the system was forced into the same (general) orbit. If, on 
the other hand, we aaenme a very close condensation of the 
meteoric particles, it becomes by no means easy to under- 
stand the dispersion of the system along an orbit whose 
circumference is upwards of 1,000 miUions of miles in length, 
in the comparatively short interval (1,743 years) which baa 
elapsed since the system was first forced to follow its present 

We seem almost driven to the conclusion that some other 
force than gravitation has been at work iu causing the 
dispersal of the meteoric particles. 

IU Sindml tat Oetober ISSS. 
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METEORS AND SffOOTING-STARS. 

Amonost the many Burprising discoveries which have of late 
jears rewarded the labours of astronomers, none perhaps are 
more remarkable than those which relate to the phenomena 
— once thought so insignificant — presented by 'falling 
stars.' Ten years ago, though the thoughtful astronomer 
had become convinced that these objects really belong to 
the domain of astronomy, doubt stilt rested on that theory 
of their nature. Men could scarcely believe that the vast 
depths amidst which the planets pursue their career around 
the Sun are the home of countless bodies which rush with 
even more than planetary velocity upon wide orbits rotmd 
the solar orb. It seemed incredible that each of those 
&intly gleaming lights, passing with silent swoop across a 
fitar-^TOup — leaving no trace of their existence and seem- 
ingly as little important in the economy of nature as a rain- 
drop or a snow-flake — indicates the close of a career during 
which the mighty orbits of Jupiter and Saturn have been 
encircled, nay, often the utmost limits of the known plane- 
tary scheme overpassed by uncounted millions of miles. 

Even now, when the nature of these objects has been 
revealed to us, and some insight afforded us into the part 
which they perform in the economy of nature, it seems di£B- 
cult to realise the full significance of ascertained facts. The 
very aspect of the planetary scheme seems changed as we 
contemplate the results of recent labours in meteoric astro- 
nomy. Kepler and Copernicus, could they revisit this 
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world, and, mixing as of old among astronomers, inform 
themselves respecting the theories now upheld, would 
Bcareety recognise the scheme of the universe so unfolded to 
their view. Truly the harmony of the planetary system 
recognised by Kepler seems strangely marred, 'as sweet 
liells jangled out of tune and harsh,' by these eccentric 
meteor orbits. These crowds of independent orbs rushing 
disorderly around the Sun, in no sort resemble the ' obedient 
family ' which Copernicus recognised in the solar system. 

5Iany times during the last few years the history of those 
discoveries and researches by which meteoric astronomy has 
reached its present position has been recounted. It is not 
my purpose to describe these matters anew. But it has 
seemed to me that the approach of the Earth towards that 
great stream of meteors to wliich the November shower is 
due, will render a brief discussion of some of the most 
striking facts lately discovered not unacceptable even to 
many who look on astronomy from a&r off, and regard 
astronomers somewhat as Indians regard their medicine- 
men. 

We may take the November shooting-stars as typical of a 
class of meteor-systems, which must undoubtedly be very 
numerous. It is true that as the Earth sweeps on her wide 
orbit round the Sun she encounters few such streams as that 
to which the November meteors belong. As she reaches 
certain critical parts of that orbit she is exposed, indeed, 
year after year, to a species -of cannonade of greater or less 
intensity ; and occasionally the weight of metal with which 
she is thus assaulted is far heavier than any which she has 
to encounter during the second week in November. Bi;t 
for a systematic and continuous downpour of missiles the 
November stream is unsurpassed by any, except perhaps the 
August meteor-system. If we could count the total number 
of meteors which have been rained upon the Earth during 
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the past five or six centuries, aDd assign each individual 
meteor to its proper Eastern, I have very little doubt that 
the November stream would be found to have supplied a 
full tenth part, though the total number of systems which 
OUT Earth eocounters is known to exceed one hundred. 

This being the case, it may be worth inquiring whether 
the November system is in reality richer than the others 
— whether there is anything in what we know about this 
stream to lead us to suppose that it is more important than 
the rest. 

It seems to me abundantly clear that the contrary is the 
case. We have only two means of judging of the richness 
and importance of a meteor-system. One is the observation 
of its apparent richness, and the individual magnitude of 
the meteors belonging to it. But the apparent richness 
alone can be but a deceptive indication of the real richness 
of a stream of meteors. If we were sure that the Earth 
plunged through the heart of each meteor-stream, we could 
indeed learn something in this way, precisely as we might 
compare the relative thicknesses of difiereat cords by the 
resistance experienced in piercing them through the middle 
with a needle. But we have no assurance whatever that 
the Earth passes through the heart of a single meteor- 
system. It may be that if she did the results would not be 
altogether pleasing or satisfactory to her inhabitants, and 
certainly the chances are enormously against her doing so. 
The minuteness of the space actually passed through by the 
Earth on her course round the Sun — at least the minuteness 
of this space by comparison with the dimensions of the solar 
system — is not commonly appreciated. If we represent the 
Sun as a globe about as large as a billiard-ball, the space 
along which tbe Earth pursues her course would be repre- 
sented by a thread or twine forming a circle nearly eight 
yards in diameter. Now, conceiving such a circle, and 
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regarding the meteor-systems as oval hoops round the 
ceotral ball, which happen to cross this fine circular thread, 
it is scarcely conceivable that in one case out of a thousand 
the thread would pass centrally through the substance of one 
of the hoops. 

We can therefore infer little or nothing from the appa- 
rent richness of meteor-streams as to their real importance, 
because we do not know whether our Earth passes through 
the core of any particular stream or merely grazes its 



We may learn something from the average dimeneioos of 
the meteors belonging to a system, though oui inferences 
may not be altogether reliable. So far as this point is con- 
cerned, the November meteors would seem relatively in- 
ferior to many others. They are too small to penetrate 
through the atmosphere, so as to reach the surfece of the 
Earth, not one instance being on record of a Ifovember 
meteor affording any tangible evidence of its existence ; and 
from the researches of Professor Alexander Herschel, it 
would seem that on the average the November meteors 
weigh but a few grains each. When we compare this with 
the £act that bodies belonging to other systems have been 
found to weigh many pounds, some even being several tons 
in weight, the relative insignificance of the November 
system in this respect will be clearly recognised. 

But there is a second method by which in comparatively 
recent times it baa become possible to guess at the im- 
portance of different meteor-systems. 

The surprising discovery that many metaor-Bystems are 
associated with comets has not hitherto been fully inter- 
preted. We know quite certainly that along the orbits of 
certain comets there travel myriads of tiny bodies — meteors 
— which we assume to be solid. But what connection there 
may be between the gaseous comet and its solid attendants, 
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whether the comet gave birth to the meteors, or whether 
the meteors in some way or other combined along one part 
of the system to form the comet, has not hitherto been 
explained. It mny be regarded indeed as one of the moet 
mysterious facts ever discovered by astronomers that any 
association whatever should exist between bodies seemingly 
no different in their nature aa comets and meteors. But 
there the relation is, let us make of it what we will. Tfo 
doubt rests on the reality of the discovery ; no one who 
understands the nature of the evidence can believe for a 
moment that the relationship is merely apparent, and the 
coincidence of orbits merely accidental. So that, in fact, it 
has come to be gravely questioned whether any meteor- 
system exists without a cometic nucleus, and whether any 
comet exists without a meteoric train. 

Be this, however, as it may, we are at least justified in 
comparing together such meteor-systems as are known 
to be associated with comets, and inferring the probable 
importance of such meteor-systems from the observed 
brilliancy of their comet-chief. 

Now, judging in this way, we should be led to conclude 
that the November stream, notwithstanding the wonderful 
magnificence of the star-showers observed when the Eartli 
passes through the system, is in reality one of tlie least im- 
portant of the meteor-fffstems. The comet with which it 
has been (beyond all question) associated, is so faint and 
small that it has never yet been discerned by the unaided 
eye. In a powerful telescope it appears but as a faint nebu- 
lous light, nor is it even adorned with the ordinary append- 
age of respectable comets — a tail. Taken apart from tlie 
significance of what we know respecting it, this comet is 
certainly one of the least striking objects which the tele- 
scope has ever revealed to astronomers. 

On the other hand, the August meteors are associated 
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with a comet of distinction — with a comet wfaicb haa been 
watched by many millions of human beia^ as the harbinger 
of some nncaony event, and has been recognised even by 
men of science as worthy of respectful attention. Indeed, if 
its approach had been anticipated and its course known, but 
the hour of its arrival uncertain, it is far from unlikely that 
men of science would have looked forward with some dread 
to the possible effects of its arrival. For it was one of those 
comets — few, indeed, among the larger sort — whose track 
crosses the Earth's ; and had it come but a few months 
earlier or later, we should by this time have had the means 
of answering that long-vexed question whetlier the Earth 
would suffer injury were she to come into direct collision 
with a large comet. So that if we judged of the relative 
importance of the August and November meteor-systems by 
a reference to the relative importance of their comet com- 
panions, we should undoubtedly conclude that the August 
meteoTB are far the most important. It would follow from 
this that, since the November meteor-system produces showers 
quite as striking as any seen in August, we do not in reality 
see the full splendour of the August meteors, but, passing 
only through its edge, recognise but the scattered outliers of 
the system. 

But this being so, those who remember the magnificent 
display of November meteors in 1866, will consider with 
amazement how grand the August system must be if it is 
really capable of supplying a far more splendid Bhower. We 
remember how the stars seemed to fall continuously, so that 
at every instant (at least during a certain interval ) shooting 
stars could be seen in some part or other of the heavens. 
And we know, also, from the accounts of Humboldt and 
Bonpland that, sixty years before, there had been a yet 
grander display. If a meteor-system associated with so 
insignificant a comet as that of 1866 can produce these 
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wonderful showers, how iDconceivably m^^ificent would be 
the scene if the Earth passed thiougb the heart of the 
August meteor-system, associated as that system is with a 
comet of considerable splendour ! 

But similar considerations may birly be extended to all 
the meteor-systems which the Earth encounters. These are 
counted by the hundred, and though most of them seem 
insignificant compared with the August and November sys- 
tems, yet we have seen that no opinion can hence be formed 
of their real importance. Some of tbem may as &r exceed 
the August system in importance as that system prohably 
exceeds the November system. Nay, we have two excellent 
reasons for feeling some degree of assurance in this respect ; 
for one of these less poted systems has been associated with 
the comet of 1861 — an object not inferior in splendour to 
Donati's comet — and nome of the recognised systems occa- 
sionally send us visitors in the form of massive aerolites, 
compared with which the tiny bodies forming the August 
and November meteors are as small shot to the Wbitwortb 
bolts. Startling, however, as are the considerations thus 
suggested, it is when we pass in imagination beyond the 
confines of the Garth's orbit that the true significance of 
what we ]f.uo-w respecting meteors and meteor-systems be- 
comes apparent. 

We have seen that our Earth really visits but a minute 
proportion of the solar domain. The space actually tra- 
versed by our globe as it circuits round the Sun, though 
enormous compared with any of our ordinary estimates of 
size — nay, though exceeding fiftyfold the volume of the Sun 
— is yet but the minutest fraction of that vast E]^ere over 
which the Sun exerts supreme sway. 

Now, since the meteors are not individually discernible 
save when they enter the Earth's atmosphere, all our direct 
information respecting the condition of the interplanetary 
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spaces is derived from the actual contact of the Earth with 
bodies belonging to those spaces. We obtain our informa- 
tion respecting the planets through their visibility, but as 
respects the meteors our Earth may be compared to a blind 
man in a shower. It is only when the meteors or meteor- 
systems come into actual contact with her that her inhabit- 
ants can have direct cognisance of the existence of such 
bodies. Let us follow out this illustration. Suppose a 
blind man walked a distance of ten miles, and during the 
whole continuance of his walk felt rain falling upon him. 
Would it be a reasonable conclusion on his part that the rain 
had fallen precisely along the track he had followed, and 
nowhere else? Would he not conclude, on the contrary, 
that the extent of country on which the shower had fallen 
extended probably, at least, as far from right to leiit as he 
had found it to extend in the direction of his walk ? Moat 
assuredly he would not conclude that a narrow strip, ten 
miles long and perhaps a yard wide, had been rained upon, 
but rather an area several miles wide. In other words, he 
would conclude that, instead of an area of a mere fraction 
of a mile in extent, a range of forty or fifty square miles, at 
least, had been visited by the shower. 

It is equally reasonable to conclude that the track of the 
Earth is not the only part of the Sun's domain which is 
crossed by meteor-systems. There is no conceivable reason 
why that particular Iwop of epace should be visited rather 
than regions lying around it. And precisely as our illus- 
trative blind man, had he stepped to the right or to the left 
of his actual path, woidd have been visited by other rain- 
drops than those which actually fell upon him, so we may 
reasonably conclude that if our Earth's orbit were changed 
so that she travelled a few millions of miles fiirther from or 
nearer to the Sun than she actually does, then she would 
encounter meteor-systems altogether different from those 
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which DOW assail her with a shower of < pocket planets.' To 
come to the point for which I have been making all along, 
— ths whaU of the aolar domain ia alive with meteors. This 
is the legitimate conclusion from the evidence acquired 
during the last few years. So long as it was thought that 
the meteor-systems are nearly circular, there was an escape 
from this startling conclusion. It was conceivable that the 
meteor-systems might affect the neighbourhood of the 
Earth's orliit, much as the asteroidal femily affects the space 
lying between the orbits of Mars and Jupiter. But so soon 
as Adams and Leverrier, Schiaparelli, Tempel, and the rest, 
bad made it abundantly evident that the meteors travel in 
very eccentric orbits, there remained no escape from the 
conclusion that the intersection of these orbits with the 
Earth's path is to be regarded as a merely accidental circum- 
stance. The Earth has absolutely no power adequate to 
force these meteor-systema to cross her orbit. We could 
understand the orbit of Jupiter or Saturn being crossed by 
many meteor-systems, because we know that if a family of 
meteors were passing close by Jupiter on a course which 
would carry the family far away again into space, the 
mighty attractive force of Jupiter or Saturn would (ordi- 
narily) suffice to force the members of that meteor &mily to 
come close to the planet before they could speed again on 
their course towards the Sim's neighbourhood. Whenever 
such an encounter as this took place, the meteor family 
would, for the future (and until again disturbed by the 
planet), travel on a path crossing or very closely approach- 
ing the planet's. But the Earth is far too small to influence 
in this way the motions of meteoric families. Those which 
approach her speed onwards with a velocity altogether 
beyond her control, so that, unless already travelling on a 
re-entering orbit passing close by the Earth's, they could 
never be forced by her attraction o enter on such a track. 
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A body coming from the stellar depths towards the Sun 
could no more be forced b; the Earth's disturbing attraction 
to follow a closed curve round the Sun, than a swiftly- 
ruehing railway train could be caused to leave the rails by 
the attraction of a toy magnet. 

Since, then, tboae meteor-systems which cross the Earth's 
orbit are chance visitors, as it were, not drawn to their pre- 
sent paths by any attraction the Earth can exert, but coming 
of their own accord past her track, it follows that there 
must be for each recognised meteor-system uncounted thou- 
sands which are unknown to us because they do not approach 
the Earth's track. There is no escape from this conclusion. 
The laws of probability will not permit us to believe that, 
out of a moderately large number of meteor-eystems in no 
way attracted to the Earth's orbit, a large proportion would 
traverse that particular track in space. To judge the 
number of meteor-Byatema as no greater than the number 
encountered by the Earth, would be like counting the rain- 
drops which foil upon a window-pane in London, and con- 
cluding that just that number and no more bad fallen on 
the whole city. 

It is this conclusion which gives so great an interest to 
the researches of Adams, Leverrier, and others on the 
November meteor-system. If we were sure that that 
meteor-system was the only one of its kind, or had but few 
fellows, we could attach no great importance to its pecu- 
liarities. They would have a certain interest, doubtless, pre- 
cisely as the discovery of an asteroid has a certain interest ; 
but they would involve no results of oosmical significance. 
Under the actual circumstances, what has been proved 
respecting the November meteors opens a field of conjecture 
of almost boundless extent. Whence come these uncounted 
millions of bodies, rushing through space with inconceivable 
velocity ? What purpose do they fulfil in the economy of 
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the solar system ? Do any of tbem pour upon the Sua, as 
has been supposed, a hail of cosmical iDaterial, replenishin}^ 
his fires and recruiting his energies ? Has the mighty 
attractive influence of the Sun, which guides the planets on 
their wide circuits, this further work to perform, of gather- 
ing from out of space the material 1^ which his own fires 
are fed? Or do these myriads on myriads of cosmical 
bodies, with all the vital forces represented by their velo- 
city, subserve no purpose whatever in the economy of our 
system? Are they the chips in the great workshop of 
Xature, the sparks which have flown from the mighty grind- 
stone, the shreds of clay which the giant potters Attraction 
and Repulsion have cast aside as useless? 



This paper was accompanied by the following note : — 
Our readers may be desirous of learning what are the 
chances that the display of November meteors will this year 
be worth observing. In 1866, it will be remembered, the 
great display lasted but a few hours. Had it occurred 
either a few hours sooner or a few hours later, we, in 
England, should not have witnessed it. In the former case 
we should have been on the sheltered part of the Earth — 
to leeward, so to speak, of the meteor storm ; in the latter, 
though the meteors would have Allien upon portions of the 
atmosphere above our horizon, it would have been full day- 
light, and we should have seen no trace of them. In 1867 
the display also lasted hut a very short time, and was not 
visible in England. Had the shower in succeeding years 
lasted ■an equally short time, it would have been possible to 
tell, at least approximately, where the display would 'be 
seen this year. But since 1867 the November meteors have 
supplied a shower lasting many hours, though not so rich as 
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is the former years. Last year, indeed, the shower would 
seem to have lasted several days, since obeervers noticed 
that on the 11th, 12th, 13th, 14th, and 15th of November, 
the stray sbooting-stara travelled from that part of the con- 
stellation Leo which is called the radiant of Uie November 
meteors. At intervals the stars fell pretty thickly, and all 
the observed facts seem to indicate the justice of the view 
put forward by Professor Alexander Herschel (at the 
November meeting of the Royal Astronomical Society), that 
the system has separated since 1866 into three distinct 
Ktrata. I had myself put forward in October a somewhat 
similar theory. Referring to the observations made on the 
meteors in 1668, 1 said (in the Student for the above date), 
* There were several maxima,' ' the epoch of maximum 
display observed in the United States did not correspond 
with the hour named by Professor Grant,' of Glasgow, as 
the hour at which the shower reached its maximum; and 
further on, referring to observations made at the Obser- 
vatory of Capetown, — ' here then was a third maximmn 
occurring before Professor Grant's.' In the game paper I 
drew an ideal picture of the system indicating the probable 
nature of the part to be traversed in 1869, and the great 
width I assigned to this part corresponded exactly with the 
observed event. I feel, therefore, some confidence in 
annoimcing my opinion respecting the shower this year, I 
believe that on the nights of November 11-15, after twelve, 
many meteors belonging to this system will be visible, and 
that at intervals on the nights of November 12 and 13 (that 
is, the nights between November 12—13, and November 
13-14) there will he from midnight to dawn showers of 
stars, not comparable in splendour, perhaps, with the dis- 
plays which took place in 1866 and 1867, nor lasting many 
minutes, but still well worth observing. 
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[This anticipation was confirmed b; the event. But the 
display of 1870 was the last of the series inaugurated b; the 
magnificent shower of 1866. In 1871, as already men- 
tioned, only a few stra^lers were seen.] 

Etigtitk Mtchimic for KoTember 4, 1870. 
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THE ZODIACAL LIGHT. 

It cannot but be regarded as a remarkable circumstaDce 
that the nature of the Zodiacal Light should in the present 
state of astronomy continue to be a qucsetio vexata. I do 
not here refer to the physical constitution of this object, 
respecting which we may possibly be unable for many years 
to form a satisfactory theory, but to the determination of 
the actual position of the Zodiacal ^ight in space. As- 
tronomers have been able to detemjine &om geometrical 
considerations the paths of such objects as comete and 
meteors ; it would therefore seem that the position of such 
an object as the Zodiacal Light ought ere this to have been 
determined. 

Yet it must be admitted that there are peculiar difficulties 
in this problem. We can reason respecting the distance and 
motion of a comet, because we know that our observations 
are made on one and the same body, whose motions are in 
accordance with the laws of gravity. It is otherwise with 
respect to the Zodiacal Light. We see a certain glow or 
radiance occupying a definite position with respect to the 
horizon and to the celestial circles ; but we have no means 
of ascertaining whether the objects from which that radiance 
proceeds are the same at any one time as at any other, or 
indeed (as will presenMy appear) whether a single one of 
the constituents forming the zodiacal gleam at one season 
is present within the same region of the solar system at 
another. 

The geometrical considerations applicable to the Zodiacal 
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Light are, however, too definite to admit of question — in 
other words, the path to be followed in seeking for a theory 
of thiB object is untoietakable. Hitherto, bo far as I am 
aware, that path has not been traced out /or enough for the 
attainment of definite views — the perplexitieB which pre- 
sently surround us as we follow it having seemed perhaps to 
render further research hopeless. 

It happens, however, not unfrequently, that the very 
difficulties surrounding a subject of this sort assist us — in 
this way — that they enable us to reject theories which 
otherwise might engage our attention and so cause per- 
plexity. Precisely as the very complexity of a lock makes 
us all the more certain that a key which opens the lock is 
the key really appertaining to it ; so, where a subject of 
astronomical research presents many perplexing phenomena, 
these become so many reasons the more for accepting a 
theory which is not contradicted by any one of them. 

This is, I think, the case with the Zodiacal Light. £y 
considering the peculiarities of this object, we are able — 
as I hope now to show — to get rid, one after another, of 
various theories which might otherwise distract out atten- 
tion. And though by this process of elimination we may 
not be enabled to determine quito the true theory of this 
object, we can yet considerably, narrow the field within 
which selection has to be made. 

The first considerations to be dealt with are those which 
depend on the normal features of the Zodiacal Light. It 
is well known that the light exhibits usually the figure of 
an oblique conoid whose axis lies close by the ecliptic, and 
whose vertex lies at a varying distance from the position of 
the Sun. Near the axis the light grows brighter, except 
close by the vertex, where it is even fainter than at the 
other parts of the border. The following table, prepared by 
Uerr Kledn, from modem observations, indicates the varying 
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range of the vertex from tbe place of the Sun — though it 
muat be rememberud (and will be recognieed at once by 
everyone familiar with the varying position of the ecliptic 
during the year, and other like circumstances) that these 
measures indicate variation in the extent of visibility rather 
than (of necessity) any real variation in the extent of the 

light. 

Dinuoe of Vertex 
Jhj of Us Tear Irom Bun. Pui Ot»rT«il. 

JaDiui7 2 S3°0 Western halt 

28 01-8 

Febroaij 11 810 

March 14 74-0 

Apiil 14 75-0 

M»J 4 66-0 

August 1 77-0 

September 15 6S-0 EusMm do. 

OcUibec 17 7*-6 

November 12 71-3 „ 

28 «-6 

December 13 61-0 

2S 80-5 

The setting of the Zodiacal Light when the weBtem half is 
visible, and the rising of the light when the eastern half is 
visible, take place quite regularly, and in a manner precisely 
corresponding with what would be observed if the Zodiacal 
Light were a distant object like a planet, a star, or a portion 
of the Milky Way. 

Now these circumstances at once enable us to reject the 
theory that the Zodiacal Light ia a terrestrial appendage — by 
which I understand for the moment an object lying within 
the Earth's atmosphere. For there can be no question 
whatever that if any definite portion of our atmosphere 
were rendered luminous in any way, that portion would 
either occupy an unchanged position, or would shift ac- 
cording to the laws regulating the process of illumination, 
or according to the winds, or other like terrestrial causes. 
Xow that on any given occasion such causes might so 
operate as to give the illuminated air the appearance of 
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lieing or setting as celestial objects do (that is, not merely 
rising or setting, but rising or setting along declination 
parallels) is quite possible, however unlikely. To take an 
illustrative instance : a balloon, seen at any one instant 
between an observer and the Sun, might be carried by the 
winds BO as to continue between him and the Sun, even 
until the hour of sunset. But to suppose that night afler 
night at any station a relation so peculiar would characterise 
the illuminated air, is like supposing that a balloon, started 
day after day from a given place, would day after day fulfil 
the condition considered above. This is obviously in- 
credible. But even if it were credible, it would be insuffi- 
cient, since the region of our atmosphere which would 
have to be illuminated in order to account for the Zodiacal 
Light as seen in one place, would, as seen from other stations, 
present an appearance wholly different from that of the Zodia- 
cal Light. In fact, if the former place were in England, the 
Zodiacal Light would actually be overhead at places 900 
miles or so west or east of England. 

Neit we have the normal aspect of the Zodiacal Light in 
different latitudes to consider. Now we have the most 
positive assurances from astronomers of eminence that the 
Zodiacal Light, wherever seen, occupies ordinarily precisely 
those regions of the heavens corresponding to the theory 
that it is too &r from the Earth to have an appreciable 
parallactic displacement. We have the evidence of practised 
astronomers like the Astronomer Royal for Scotland, Captain 
Jacob, and others ; and all the evidence we have points to 
the conclusion that the Zodiacal Light, as seen in the tropics, 
extends at any moment over those same parts of the stellar 
heavens which it illuminates as seen from our northern 
stand-point. The limits of the light may seem greater in 
those latitudes than in ours, but the axis of the conoidal 
gleam is situated precisely as with us. 
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Now it seems wholly unquestionable that this quality of 
the light should dispose at once and for ever of the theory " 
that the Zodiacal Light is due to the existence of a ring of 
matter around the Earth. 

Let it be remembered that there is only one way in which 
the ordinary aspect of the Zodiacal Light can at all be in- 
terpreted on such an hypothesis. If there were a ring of 
meteorites as far from us as the Moon is, then undoubtedly 
there would be a gleam in the west after sunset, and in the 
east before sunrise, in the position where we seethe Zodiacal 
Light. And further, the individual meteorites producing 
any portion of that gleam would undoubtedly rise and set 
much as the Zodiacal Light is observed to do. But there 
would also be a gleam, and a much brighter gleam, in the 
south. The meteorites rising and setting would turn only a 
small portion of their illuminated faces towards us, those in 
the south (on or close by the ecliptic) would be ' full,' so to 
speak, and their combined lustre would be proportionately 
more considerable. Now supposing the ring exactly co- 
incident with the ecliptic, the Earth's shadow would fall on 
the part due south. But the width of this shadow would 
(on the suppositioiT we are considering) be relatively small. 
At midnight, in our latitudes, we should undoubtedly, on 
this supposition, see two arms of Ugbt extending from the 
eastern and western horizon along the ecliptic, each growing 
brighter and brighter towards the south ; and a relatively 
narrow bla^k rift would lie between the bright extremities 
of these arms. It is no theory that this would he the case, 
but a simple deduction from the most obvious geometrical 
laws. 

If then we are to have a ring round the Earth, it must 
lie &r within the Moon's orbit, so that the Earth's shadow 
may be wide enough to cover the meteorites along the whole 
of that long arc which under ordinaiy circumstances is 



,.,.d,i. Google 



168 ASTEONOMICAL ESSAYS. 

undoubtedly unillumiDated. The Earth's ebadow cannot be 
more than 8,000 miles across anywhere, and we must have our 
ring at such a distance that this width of 8,000 miles may 
correspond to (or subtend) that wide arc of darkness actually 
observed tinder ordinary circumstances. (It is absolutely 
essential that ordinary circumstances should be accounted 
for ; only when this has been done need we begin to inquire 
into extraordinary circumstances.) 

Now we need not leave our own latitudes to decide bow &r 
off the ring should be to accoimt for the apparent dimensions 
of the Zodiacal Light ; because on the theory that the Earth's 
shadow, foiling on a ring of some sort, defines the limits of 
visibility of the light, it would follow, precisely as in the case 
just considered, that the light would grow brighter and 
brighter up to the very edge of the shadow. (Supposing 
that edge to correspond to the ext«nt of the Earth's shadow, 
there would be a somewhat ruddy bordering ; but up to the 
commencement of that fringe there would be a regular 
increase of brilliancy.) But passing over this consideration 
{and also the consideration that the observed aspect of the 
Zodiacal Light in our latitudes is wholly inconsistent with 
the aspect thus shown to be due to the hypothesis we are 
dealing with), we may take as most favourable to the 
hypothesis of a meteoric ring near the Earth those observa- 
tions of the Zodiacal Light in tropical regions which give to 
the ordinary apparitions of the light the greatest observed 
extension &om the Sun. 

We have it on the authority of Professor Piazzi Smyth 
Uiat, even when he observed the Zodiacal Light under ex- 
ceptionally favourable conditions — from an elevation, namely, 
of DO less than 11,000 feet above the sea-level — the western 
tongue had completely set fully four hours before the eastern 
tongue began to rise. Now even if the eastern tongue were 
just beginning to rise when the western tongue had fully set, 
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there would Btill bean arc of 180° between the two vertices.* 
But the shadow of the earth would not account for such an 
arc as this between the vertices, unless the outer part of the 
ring had a radius not exceeding a/2 x radius of the Earth 
(even in the most favourable case of a station near to the 
equator), and with such a radius as this the outer part (even) 
of the ring would be always invisible from places having a 
higher northerly or southerly latitude than 45°. 

And even if we set this demonstration on one side for a 
moment, it is yet obvious that a ring lying relatively near 
the Earth, whether it coincided in plane with the equator, 
or with the ecliptic, or with any intermediate plane, could 
not possibly exhibit any approach to coincidence with the 
celestial ecliptic, when viewed &om high latitudes. Further, 
as seen from high northern latitudes, such a ring would 
always have a parallactic displacemrait causing it to lie to 
the south of its geocentric position, and vice versd : whereas 
no such association between the latitude of the observer and 
the apparent position of the Zodiacal Light has ever been 
observed ; far less such a systematic association as the case 
requires. 

It is geometrically impossible, then, that the ordinary 
aspect of the Zodiacal Light can be accounted for by any 
theory which representB it as due to a ring of light-reflecting 
bodies around the Earth, whether that ring be close by the 
Earth or at a distance comparable with the Moon'e-t 

* It mnit be ramembeied that each rertci, as the Zodiacal Light wae seen bj 
nofe<BOT Smjth, lay clora t^ th« acVptic. 

t Whils dealing wiUk the Klatioos preaentcd by the Saturniao ring-a; Btem, 
in 1364, T was Ud to apF'7 ^^ farmnlte, vitb aaitable changes of elementn, to 
thacaseof a ringfirding the Earth; being inTited to the Inqnir; bj the 
penuat of the olwerrationB made b; Lisat. Jones, and conunenta made thereon 
ty Bacon Humboldt. I found that there is cot a eingle b^rpolboeis as to the 
dimensions of euch a ring which would lead to leenlts according with or even in 
the slightest degrae approaching the tesulU of obESiratioDs made upon the 
Zodiacal Light. This eouclosioD is embodied in a note at p. 117 of that treatisei 
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We need not consider the theory that the light may be due 
to a eel f-lumi nous ring around the Earth, for obvious reasons. 

Now, passing from the normal features of the ring to more 
or less exceptional peculiaritiee, we find ourselves compelled 
to reject yet one other theory of the light — I mean the 
theory that it is due to a disc of minute bodies travelling in 
orbits of small eccentricity around the Sun. 

The peculiarities which oppose themselves meet strikingly 
to this theory are those which relate to the position and ex- 
tent of the Zodiacal Light, though it will be obvious that the 
observed variations in the apparent brightneee of the light 
are not readily explicable on this hypothesis. 

Admitting the existence of a disc of bodies, travelling as 
supposed, it will be evident that the changes afiecting the 
motions of any member of the system would correspond 
exactly to those which would affect the motions of any con- 
siderable orb travelling at a similar distance from the Sun. 
In other words, the changes would resemble those slow 
periodic changes which affect the orbits of the Earth, Venus, 
and Mercury. Nor is it conceivable that the members of 
the system would so interfere with each other's motions as 
to affect appreciably at any time the appearance of the 
disc. Now changes such as these, affecting the individuals 
of a set of bodies which at any one time were spread with a 
certain uniformity (as the ordinary appearance of the 
Zodiacal Light would imply to be the case with ita con- 
stituents) could not account for the observed changes in the 
position and extent of the light. The axis of the gleam has 

in which now I remark that such iDTeatigalioni ' ppore Uist the ZodUul Light 
cannot tw due to a nag of aionte satetlitea snnoaiHling the Earth, the sppear- 
iiDCo of the ring in high latitodee being altogether different from that -which 
wonld be preaBDted bj a ring BurronndiDg the Earth,' I am carefhl to refer w 
these reeearehee and their re«ult«, becauae remarka hare been pablitbed imply- 
ing that I hare Bomewhat hastilj coma to a. decision on the point* here dealt 
v-ith. A complete mathematical inTestigalion of the euluect, made fnUy eight 
jears since, may bo regarded aa fwrly meeting thoBe romarka. 
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been Been at times bj practised obserrers, ioclined at a con- 
siderable angle to the plane of the ecliptic. The extent ot 
tbe Zodiacal Light has varied at times in the moBt remark- 
able manner, while its luminosity has been so variable that 
sometimes for months together it has been scarcely percep- 
tible (in our northern latitudes) ; while at others it has been 
singularly conspicuous. I set on one side for the moment 
those observations by Lieut. Jones which- would imply that 
at times the Zodiacal Light increases so greatly in extent as 
to become visible at once both on the eastern and western 
horizon, I also set on one aide those observations by 
M. Liais according to which the Zodiacal Light can be seen 
at times extending as a complete arch from the eastern to 
the western horizon. Assuming these observations to be 
reliable (and those by M. Liais do not seem open to ques- 
tion), a true theory of the Zodiacal Light may be expected 
to account for thenu But without insisting on this, it is 
evident, I think, that the admitted variations of the Zodiacal 
Light, in position, extent, and splendour, do not admit of 
being interpreted by the theory that the light is due to a 
disc including always the same materials moving in orbits 
of small eccentricity. 

Nor do our difficulties seem removed if we assume that 
the constituents of the disc travel in orbits of considerable 
eccentricity, so long as we suppose that the actual constitu- 
tion of the disc is constant, or neaxly so, amidst whatever 
variations in the distribution of individual constituents. 

Yet the general aspect of the Zodiacal Light, and the con- 
siderations already applied to other theories, suffice to prove 
that there is always present aroimd the Sun, as centre, a 
disc either composed of discrete meteorites, of vaporous 
masses, or of some combination of these and other forms of 
matter. The materials of this disc must be in motion 
around the Sun in accordance with the laws of gravity ; at 
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least we have no evidence whatever inviting ub to the sup- 
position that they differ in this respect from all the other 
constituents of the solar system. 

We are thus led t« the conclusion that the bodies com- 
posing the Zodiacal Light travel on orbits of considerable 
eccentricity, carrying them fat beyond the limit* of what we 
may now term the zodiacal disc. The constitution of the 
disc thus becomes variable, and that within limits which 
may be exceedingly wide. They must be so in fact, if all 
the recorded variations of the Zodiacal Light are to be 
accounted for. In other words, it is requisite (if oar evi- 
dence is to be explained) that the paths of the materials 
comprising the Zodiacal Light shall be not only for the most 
part very eccentric, but that along those paUis the outerials 
should not be strewn in such a way that a given portion of 
any path is at all times occupied by a constant or nearly 
constant quantity of matter. 

According to this view the 'constituenta of the Zodiacal 
Light would — at least as respects distribution along their 
several paths and the general figure of those paths — resemble 
very closely the meteoric systems which, ae we know, the 
Earth traverses in the course of her annual motion around 
the Sun. 

By considering the Zodiacal Light we have thus been led 
to a theory involving, and associated with, the theory of 
meteor-systems as now established by the labours of Adams, 
Leverrier, Schiaparelli, and others. But it is worth noticing 
that by reversing the process, and considering first the 
tlieory of meteor-systems so established, we are led quite as 
readily to the theory that there must at all times exist in 
the Sun's neighbourhood a disc of discrete constituents 
which would present precisely such an appearance as the 
Zodiacal Light. I have shown elsewhere that this result is a 
simple mathematical deduction from the evidence. 
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But setting this consideration wholly on one side, the fact 
Temaina that all other theories of the Zodiacal Light — that is, 
of the motions of its constituent parts, without reference to 
its physical constitution — have been eliminated. It remains 
only to he shown that this theory is controverted by no 
peciiliaritiee in the observed appearance of the Zodiacal 
Light, and also that we should inquire what further general 
laws, if any, may be predicated of the motions of the bodies 
composing this object. 

The fact that the axis of the Zodiacal Light is ordinarily 
close to the ecliptic, is accounted for on the assumption that 
the various paths along which the constituents of the zodia- 
cal disc travel, tend to aggregate towards the neighbourhood 
of the ecliptic. There is nothing, however, to prevent 
individual systems &om having a considerable inclination to 
that plane. 

The observed variation of the Zodiacal Light in brilliancy, 
position, and estent, is obviously to be expected according to 
the view of its structure now under consideration. 

The simultaneous appearance of an eastern and western 
light and Liais's observation of a complete arch of tight, 
have to be accounted for as highly exceptional, but at the 
same time recognised phenomena. It is easy to see that 
both these phenomena may be r^arded as indicating the 
occasional but very exceptional extension of the zodiacal 
disc to a considerable distance beyond the orbit of the 
Earth. But it must not be concealed that there are grave 
difficulties to be removed before this interpretation can be 
regarded as satisfactory. 

Let us suf^ose, for instance, the case of a thin luminous 
disc occupying the whole orbit of Mars, and that the Earth 
is in the part of her orbit where her distance north or south 
of this plane is greatest. Then it will be evident that the 
outline of the disc as seen from any part of the Earth would 
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correspond very nearly to a great circle of the heavene, and 
that the whole of the visible heavens south or north of 
that great circle would be hidden by the luminous disc. In 
other words, a region of the heavens &r larger than that 
occupied by the arch of Liais, or by the eastern and western 
lights of Jones, should be occupied by the Zodiacal Light if 
it had some such extension as we have assumed in the case 
of this luminous disc. 

- It is to be remembered, however, that, assuming (as we 
are bound to do) a considerable degree of flatness in the 
actual figure of the zodiacal disc, and more especially of its 
more distant portions, then much more light would be re- 
ceived from those parts towards which the line of sight is 
directed at a considerably acute angle, than from those parts 
which the line of sight crosses nearly at right angles. And 
it is easy to see that on any reasonable assumption as to the 
range of zodiacal substance which it is necessary that the line 
of sight should traverse in order that any appreciable light 
should be received, the occasional visibility of the light where 
the superior planets alone can be seen becomes as readily 
explicable as the ordinary visibility of the light in those 
pari^ of the sky where the inferior planets become visible. 

It will be seen that all that can be strictly said to have 
been demonstrated in this paper is the fact that the Zodiacal 
Light is associated with the Sun, and not with the Earth ; 
that it is not due to solar light reflected from bodies travel- 
ling within the Earth's orbit, whether in circular or elliptic 
orbits ; and that if the major part of the Zodiacal Light is 
reflected solar light, then the paths of the bodies reflecting 
that light must resemble those of the meteors encountered 
by the Earth. As the spectroscope seems to show that at 
least a portion of the light * of the zodiacal gleam is not 

* I use this mods of speaking not bjr aaj meaiiB as doubting tb« aeemey of 
ingslrom's obserration ; bnt becauH sren if the greater part of tlie lij^t gave 
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reflected Bolar light, ve cannot, in the present state of our 
knowledge, definitely decide on a theoiy as to the motions 
of the bodies to which the light is due. For the solution of 
the problem is obrionsly bound up with the interpretation 
of the physical nature of the Zodiacal Light. If some solar 
action, for example, touses luminosity in certain definite 
directions — as, for instance, near the plane of the Sun's 
eqoator — in some such way as light is caused to appear along 
radial lines through and beyond the heads of comets, our 
power of theorising from such considerations as have been 
dealt with in this paper would be limited. It would stiU 
remain certain that the Zodiacal Light is not a terrestrial 
appendage (either near or for off), but what sort of solar 
appendage it might be would be a problem as difficult to 
solve as that presented by comets. 

If the radiated structure of the Sim's corona as seen under 

favourable atmospheric conditioiiB should be confirmed as 

more than an optical phenomenon, it is not impossible that we 

might be put in the way of interpreting the Zodiacal Light. 

XotUib/ Notiettqf tit B<^<d Mtrcmcmieal Boeittg for Kor. 1B70. 



a contiimoiu epectnun, jet this Bpectroni might rem&in Dadueernible ersD whan 
bright lines corresponding to \ reiy minute proportion of the total light vers 
feea vith ease. Maj, mch bcight lines as Xngstrom fonnd in the specCnuu of 
the pliosphorescent light Anm the Ay might be detected when a continnou* 
spectroni from the mnch biightar light of tha Eodiacal radiance lemained 
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THE SOLAR CORONA AND THE ZODIACAL LIGHT 

WITH SUGGESTIONS BBaPBCTING 0SBEBVATI0H8 TO BE 
MADE DUBISG TOTAL SOLAS ECLIPSES 

(a pafbr WBirrBK with sfecial befekkhcb to tsb bclipsb o? 
I 1870.) 



ToT&L eclipses of ttie Sun last so short a time that, if 
posBible, DO part of that time should be wasted through 
a misapprehensioD of the nature of the phenomena to be 
observed. On this account I cannot but think it would 
be a matter to be much regretted if mistaken views were 
promulgated respecting the corona, supposing it to be pos- 
sible — which I take to be the case — to form just views from 
the evidence already in our hands. 

The principal object of the observations to be made during 
future solar eclipses will be to ascertain the characteristics of 
the solar corona. Observers will certainly be able to work 
much more effectually if they know beforehand the general 
nature of the phenomenon, for they will thus be guided not 
only in the selection of modes of observation, but also by know- 
ing what points it is most important they should attend to. 

I think it so essential to avoid raising unnecessary doubts, 
that I would not venture to express the opinion that the 
corona is wholly a solar appendage if I had not given the 
matter very careiul consideration, and found the evidence 
overwhelmingly strong in favour of this view. 

It is hardly necessary to discuss the theory that the corona 
is due to the diffraction of solar rays which pass near the 
Moon's edge, because that theory haa been thoroughly dis- 
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posed of by Brewster's arguments. Nor need we consider 
La Hire's theory tlAit the phenomenon is due to the reflection 
of the solar rays Arom the irregularities of the Moon's sur- 
fece, as it is obviously incoDsistent with the observed pecu- 
liarities of the corona. 

But a theory has recently been put forward that the corona 
is simply due to the glare of the terrestrial atmosphere, and 
this theory has been adopted by astronomers of standing. I 
hold it to be important, therefore, that this theory should be 
subjected to careful scrutiny, as undoubtedly, if it be er- 
roneous, much mischief may be done to the cause of scientific 
progress by its promulgation. 

The first and most obvious evidence against this theory is 
the &ct that the Moon is projected as a dark disc on the 
bright backgroimd (so to speak) of the corona. The theory 
requires that the corona should, in £tct, not be a background, 
but a foreground ; and one might naturally inquire how the 
Moon, which is beyond the Earth's atmosphere, should come 
to be apparently projected upon the supposed glare of that 
atmosphere. 

But though this circumstance is in itself decisive of the 
matter at issue, let us turn to less obvious considerations. 
As a matter of fact, we know that light reaches the eye along 
lines tending from the neighbourhood of the eclipsed Sun. 
Let us inquire whether in those directions there is illuminated 
air ; if not, optical considerations will force us to regard the 
source of light as beyond the air. 

The eclipse of December [1870] is not a favourable one for 
my argument ; but it will be more interesting, and perhaps 
more useful, to consider it than any other. 

In Fig. 8, let A represent the position of an obsei-ver on 
the line of central eclipse, somewhere in the south of Spain. 
At such a station the eclipsed Sun will be almost .'JO 
degrees above the horizon ; and I find &om a valuable papei' 
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which Mr. Hind has been good enough to forward to me, 
that the ahadow-cone will be about 50 miles across, where it 
reaches the Earth. Obviously, then, the shadow on tlie 




Earth will be an ellipse whose major axis will be about 100 
miles, its minor about 50 miles in length. Let AS then be 
drawn inclined at an angle of about 30° to H A H', the 
horizon line at A in a vertical plane through the Sun ; and, 
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Iiaving Ac, At/ each to represent a space of 50 miles ; let 
CTn, and (/m,' be drawn, each incliDed about 16' to AS, so 
that while A S is directed towards the Sun, if m' and c m 
would be directed towards the highest and lowest points of 
the Moon's limb. Theli m' c* m c is a vertical section of the 
Mood's shadow. 

Now we do not know the height of the terrestrial atmo- 
sphere, but we maj confidently believe that no air above the 
height of 100 miles can reflect any appreciable amount of solar 
light to us.* Let us therefore take AZ to represent 100 
miles ; then H Z H' will represent the limits of the light- 
reflecting air, where H H' is about eighteen times as great 
as A Z. The portion of the atmosphere above the horizon- 
plane of the observer will therefore be of the figure produced 
by the revolution of H Z H', about the vertical axis A Z. 
It will be, in fact, a plano-convex lens. 

Let c m and c' m' meet H Z H' in 6 and f/ ; then the por- 
tion hc<fb' will be in the Moon's shadow. (The effects of 
refraction are obviously insignificant.) Theonly light which 
can reach this part of the atmosphere is that from the 
chromatosphere (to use a convenient but unsatisfactory name) 
and the coloured prominences, or from the earth and sur- 
rounding illuminated air. Towards b and b' the observer 
will recognise the first faint traces of directly illuminated 
atmosphere, and the light will gradually increase above b' 



* BraTais, from a dlscoseion of Lambert's obBervatioas of the crepuBcular 
curve, deduced a height of nearly lUO miles. His own obseir&tions, made from 
the summit of the Faalhoro, gnre h height of about 66 miles. Neither esUhiiire 
refen to the actual limits of the almosphere howeTer. Dr. Balfour Stewart 
considarG that peihapii the beat meaug of judging on thja poiDt would be by 
obserralionB made on the auroni. From each obseiriitionB made in 1819, 
Dalton ealimated the extreme height of the auroral light at 102 miles ; Sir 
John Hersdiel estimated the height of an auroral arch seen on March 9, IBBI , 
at 33 miles (andoubtedl; the aurora n often seen much lower). The limits of 
Hir capable of refiectiag light must ceruiul^ lie much below the actual limitJi 
«f the ternatrial atmosphere. 
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and below b (more rapidly in the latter case than in the 
furmer). By a careful conBtiuction (a method quite exact 
en')ii!:;h for such an inquiry as the present), 1 make the angle 
S A u about 6°, and the angle S A a' about 9°. 

This, however, refers to only one section of the shadow- 
cone. To determine (roughly) the extent of illuminated 
atmosphere in a horizontal direction, we have only to con- 
sider the air-lens U Z H' as supposed to be viewed from 
above. In Fig. 9,c<f represents the actual shadow on the 
earth ; b b' the intersection of the shadow-cone with the 
limits of our hypothetical envelope 100 miles high. Thuti 
b b' i^c. Fig. 9, represents simply a vertical view of the por- 
tion hc<fb' of the shadow-cone in Fig. 8. Lines 6 a, 6' </, 
drawn from the centre of the ellipse c c', touching the ellipse 
h b', give approximately the angular width of that part 
of the heavens within which no atmosphere directly illu- 
minated by the Sun can be visible. I find from a careful 
construction that a b and a' b' would include an angle <^ 
about 14 ^°. 

Thus we obtain a nearly circular region (in which the Sun 
is eccentrically situated), having a horizontal diameter of 
about 14^°, and a vertical one of about 15°, within which 
there is not any light whatever from directly illuminated 
air. The Sun would be about 6° from the lowest point of 
this dark region. 

With regard to the light from the prominences and the 
chromatosphere, upon the air within this region, we know that 
it cannot suffice to light up the air with any strong, if even 
with any appreciable glow ; because we know how small 
a relation ordinary atmospheric glare bears to direct solar 
light, and the glare due to the chromatosphere and pro- 
minences would bear a similar relation to the direct light 
from those sources. But further, whatever light came in this 
way would obviously illumine the outer parts of the shadow- 



,.,.d,i. Google- 



THE SOLAB COEONA AND ZODIACAL LIGHT. 181 

friistum bh' sf c more strongly than the parte near the axial 
line A S. Hence a faint diffused light dinunishing tmvarda 
the neighbourhood of the Moon should result.* 

As regards the illumination of the shadow-frustum by 
light derived from the neighbouring illuminated atmosphere 

* This WHS confinncd during the H:lip8e of December ISTO. Indeed, the 
light received from ih* direction of the Uoon giwe the ' prouineace Bpectrum,' 
Teiy iaxat, of course. It is noteworthy, huwerer, that daring the lul^ rvlipae 
the Moon'i dine appenred green. It was compared by one observer to dark 
green velvet. At fimt sight it might appear as though a fall explanation of 
thii was supplied b; the fact that the mc Uinwds the Moon's body trai, illmni- 
mted by the coroan, the principal line in whose spectrtim is green. But hs 
. the corona itself did not appear green, we must suppose that the chief portion 
of the corona's light was in reality that which gave the &int contiouuus opeo- 
tmm ; and this most needs be Che case with the coronal light reflei^ed by our 
own atmosphere. It mny be assumed, therefore, thut the coronal (reflected) 
light received from the direcUon of the Moon's body could not have been 
apprednbly green; and the observed greenness of the Moon's disc must be 
otherwiM explained. 

It seems to me that a eufficient explanation is to be found in the nstuce of 
the light received by the Moon from the Earth during the eclipse. This light 
as respects quantity must have been eonoiderablp — in fact (for n^ual surfaces) 
aome thirteen times that with which the full Moon illuminateB tiie Earth. 
The Moon's shadow on the Earth would have the effect of diminishing this 
light by the same amount as if. iDslend of umbra and penumbra, there were 
a black shadow whose foreshortened aspect seen fium the Moon equalled the 
Moon's disc as seen by ourselresr Its colour must have been green, I think ; 
because the proportion of land and sea surface in the terrestrial disc, as seen 
from the Moon, was such that^ calling the ocean blue-green and the land 
brownish (on the avenge), the resulting mixed colour would be a delicate oUve 
green. (In the (^uartirlg Journal of Scitnoe for October 1 870, 1 have shown 
the exact orthographic ptesentatioB of the Earth's disc towards the Moon near 
the epoch of totality.) 

Now during the eclipse of 1860 land and sea were turned towards the Hoon 
in different proportions. The eclipse occurred in summer, so that the northern 
or land portion of the Earth was less foreebortened, and fuithermore the 
eclipse occurred at about three in the afternoon, by which hour the two 
Americas were well advanced upon the Enrth's disc as seen from the Moon. 
One would therefore expect t^t the Moon's disc on that occasion should 
have prosented a brown hue. And accordingly we find Mr. De La line so 
flescribing it. 

It would appear probable, therefore, that our Earth, as seen from distant 
■tations, as Venus or Mercury, is usually a green planet, but sometimes dun or 
fawn-coloured. Also her rouition may probably be recognised &ola Venns 
without telescopic aid, simply by her colour 'Changes. 
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and from the Earth, it is only necessary to remark that even 
when there is no eclipse the light thus falling on such a 
region as hb' <^ c would be small; hut that while a total 
eclipse is in progress all the parts near the shadow-cone are 
in Dearly total eclipse, and not any part of the whole region 
H Z H' is illuminated hy so much as half the solar disc. 
Further, the light derived from this source, like that derived 
from the prominences and chromatosphere, should diminish 
towards the neighbourhood of the Moon's disc, instead of 
increasing as the coronal light does. Also, the light from 
-oil these sources should extend over the Moon's disc, since 
it would illuminate the air between the observer and the 
Moon's body.* 

It follows then that, so far from giving an account of the 
corona, atmospheric glare gives us a dark region round the 
eclipsed Sun, and a gradual increase of light with distance 
from him. 

Within this dark space the disc of the Moon, illuminated 
by the Earth with about thirteen times as much light as the 
new Moon sends to us, ought to be conspicuous by its relative 
brightness. 

Now, though the reasoning here deals with relations so 
simple that a mistake can hardly arise, yet there are certain 
tests to which these conclusions may be submitted before we 
proceed. 

It is clear from Fig. 8, that before the limits of the total 
shadow reached A there should be atmospheric glare towards 
the yun, and further that this glare should at first whoUy 
cover the Moon, and rapidly sweeping across her disc, just 
before totality, should pass away from her neighbourhood 

• It will be perfertlj obvious ti»t the lioe of nasouing here adt^itrd inmlTN 
the roncIosioD that if Che corona be a Bolar appendage, there will be an atno- 
apberic glow due to the cvrona, m well ae that due to the promiDeDcea and 
chromatoepbere. But as lay object was to provo that the corona is ■ solar 
appendage, I could not hen B|ieak of the effects due to thi« mIbi corona. 
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vith undimimahed velocity. It would be difficult to detect 
auch a pheaomeuoD by ordlr.aiy obaeiration ; tbough, as I 
ehall presently show, not imjuiicticable. But supposing a 
. photograph could be taken an instant before totality, we 
might catch the glare while iu the act of crossing the Moon's 
disc. Now this could only be managed by a miracle of 
dexterity ; hut, by a miracle of good fortune, it has been 
managed already. The first phot^^raph of Lieut.-Col. 
Tennant's admirable series was taken an instant before totality 
commenced ; and there we have th6 glare just about to leave 
the Moon's disCfbutetitl trenching 
most obviously upon it. Fig. 10 
represents the feature here dealt 
with. The light here is true 
atmospheric glare, and we see 
that, as might have been thought 
obvious, it is not limited by the 
Moon's disc which lies so fai be- 
yond the limits of the air. Then 
also we notice another important 

point. The edge of the glare is obviously travelling much 
faster than the Moon ; for while the Mood proceeds to ob- 
literate the last remaining point of the Sun's disc, the glare 
traverses the much wider distance separating its inner edge 
from the Moon's limb. Clearly this velocity would carry the 
glare clean away from the Moon, as the above reasoning 
shows should be the case. 

Again, it will be obvious, from a study of Figs. 8 and 9, 
that during an annular eclipse, at the moment when the 
shadow-cone is pointing directly, or almost directly, towards 
the observer, the centre of the Moon's disc ought to be much 
darker than the edge. Now in the tenth volume of our 
' Memoirs,' Mr. Baily states that, while observing the eclipse 
of 1636, be noticed, on looking at the Moon through a tele- 
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Bcope during the annularity, that * the circumference vaa 
tinged with a reddish purple coloiir which extended over the 
whole disc, but increased in density of colour according to 
the proximity to the centre, so aa to be in that part nearly 
black.' It is obvious that this appearance could last but a 
few seconds, since the moment the axis of the shadow-cone 
was turned appreciably away from the observer (and the 
vertex of the cone travels fully twenty miles per minute), he 
would be looking through the cone's aides. The following 
passage &om Klein's Sonn&nsyat&m describes the wh<4e 
phenomenon precisely in accordance with this view: *Bei 
der ringformigen Finstemiss, am 30. October, 1864, sah 
Mouchez zu San Catharina in Brasilien, im Angenblicke als 
die Scheiben von Sonne und Mond concentrisch waren, das 
Centrum des Monties vollig dunkel, aber von hieraus ge^en 
dem Band nahm die Helligkeit regelmassig zn uud letzterer 
erschien heller, oder docb wenigstens eben so hell, als das 
aschgiane Licht der Mondsichel, kuize Zeit vor oder nach 
dem Neumonde. Die ganze Eracheinung verschwand and 
die MondEcheibe war gleichformig dunkel, als der lench- 
tende Ring gerissen und die Mitte der Finstemiss voriiber 
war.' 

Taking the corona to be a solar appendage, it is clear that 
even in total eclipses a somewhat similar appearance might 
be looked for, the outer parts of the Moon's disc during 
central totality seeming brighter than the centre, because 
the atmosphere between us and those parts would be moie 
fully lighted up by the corona. I find, accordingly, that M. 
Tissel, observing the total eclipse of 1733 at Skepshat, in 
Sweden, saw the Moon's surface brighter at the mai^n, and 
black .towards the middle. We see from this most clearly 
that the atmospheric glare in this r^on is very much fainter 
than the corona ; for, except on a very close examination, the 
Moon's disc, though th« glare aj^jears over a part of it during 
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the totality, seemB abeolutely black, and Ib so rendered in 
pfaotographa. 

But ftirtber, if the viewB expressed above are correct, it 
ought to be possible, under favourable circumstances, to eee 
the Moon's face by reBected earth-light. I find that Bigerus 
VasseniuB, during the remarkable total eclipse of 1733, using 
a telescope of 21 feet focal length, perceived the principal 
spots on the Moon during the total obscuration [Phii. Trans. 
1733, p. 135). Ferrer also saw the spots on the Moon's Sur- 
face very plainly during the total solar eclipse of 1606. 

Yet again, if the apparent blackness of the Moon's disc 
results from the fact that the coronal light is beyond the 
Moon, and so forms the background on which she is projected,* 
two phenomena might be expected to be visible under 
favourable circnmstances. First, the entire outline of the 
Moon's disc ought to be visible in partiaT eclipses, or before 
and after totality; and secondly, the corona ought to be 
visible at such times, and also during annular eclipses. I 
find that the former phenomenon, which corresponds in reality 
to the visibility of the corona (since were there no corona 
the Moon's limb could not appear dark where it crossed the 
Sun), has been frequently noticed ; it has, in fact, been as 
often recognised as looked for. The visibility of the corona, 
when the Sun is not totally eclipsed, has also been bo fre- 
quently recognised that it is hardly worth while to mention 
instances in point.t But I may quote, as very remarkable, 

■ Tbe fiicC that the disc of VeoUB appMra blacker than the Borrounding sky 
whcD she is in superior coiguDctioD, can only be explained hj nuppusiDg there 
in some light beyond Vbdob. What can that light be but a boIkt appendage ? 

t Anigo boa founded on the Tisibilitj of the corona vhile a portion of the 
Sun i> jet nneclipeed, a calculation of the raUo in which the coronal light eiceedx 
that of the Btmoepheric glare IhtH imdoubtodlj present. That the corona is 
brighter than the aimoephetic glare caused by a portion of the direct soUr 
light nndonbtadly follows from tbe visibility of the corona under such cir~ 
cumBtancee; but Aiago's mode of treating the problem is not exact. He 
makes the atmospheric glare proporlional to the portion of the eolir disc 
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the fact that in 1860 Father Secchi saw the corona /or /orty 
aecOTida after totality was past. Another temarkable in- 
stance ig that recorded by M. Edatrom, in the case of the 
eclipse of 1733, when the unequal radiations of the corona 
were observed to remain unidianged in position, as they gra- 
dually faded out of view with the increasing solar light. 

It is further obvious that if the corona be a solar append- 
age, one would expect it to appear concentric with the Moon 
onlj^ at the moment of central eclipse. Ifow I find numerous 
instances in which it has been stated that, quite obviously, 
the widest part of the corona was first on the side the 
Moon had just covered before totality, and lastly on the side 
she was just about to leave uncovered. I also find several 
statements (one or two very positive) tbat the corona was 
centrally disposed round the Moon throughout the totality. 
I would remark on this, that observations of the former kind, 
besides being more numerous, are severally more efiFective 
than observations of the latter kind. For the former refer 
to the recognition of a phenomenon and afford positive 
evidence ; the latter merely assert the non-recognition of the 
phenomenon, and supply therefore only negative evidence. 
The former describe a peculiarity which attracted the notice 
of observers ; the latter may be taken quite as well to in- 
dicate a want of skill in observation as the non-appearance 
of the particular phenomenon in question. All the positive 
evidence is therefore here also in &vour of the view that the 
corona ie a solar appendage.* 

It remains that I should touch on other evidence we have 

visible at the momenl. lo reality, thi» proportion does not hold, for the upper 
regiooB of the air ore illumiiiated bj much mors of the Sun's disc at such a 
time. Id fact, tlie problem is one of much greater coinplexit7 than Arago 
Mems to hare imagiDed. 

• The centridty of the corona Muieenia, howerer, the qneation whether (he 
corona is a solar or a lunar appendage ; lince the atmospheric glare should ahift 
eren much more obTioosly »ith respect lo the Moon thaa a solar appendage 
would Mem lo do. 
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of the existence of a solar appendage adequate to produce 
the observed appearanceB. 

And first let us consider the zodiacal light. Weknowthat 
even in our latitudes this phenomenoQ often exhibits a re- 
markable degree of lumiaosity towards the horizon and near 
the core of the gleam (so to speak). But in tropical 
countries the brightness of the zodiacal light is much more 
Btriking, and is seen to grow visibly greater in the Sun's 
neighbourhood. At heights of from 8,000 to 12,000 feet in 
tropical climates, says Humboldt, the zodiacal li^^bt is seen 
of a brightness exceeding that of the Milky Way between 
Aquila and Cygntis. And obviously if we could trace the 
zodiacal light up to the solar limb, we should see it shining 
with a glory far exceeding that which it shows even in tropical 
countries. For we know that the brightest part there seen 
belongs still but to the outskirts of the object.* 

* I ongbt, ptrtiaps, to show ressOD for r^^rding the lodiacsl light as a 
Bokr appendag?. notwithBtandiug Dr. BHlfonr Stevart'a recent nggeatioD that 
it IDA J be a terrestrial phenomenon. But in resiUtj there fna be no doubt 
whaterer that tbezodivitl light cannot be a phenomenon associated in an; way 
with our atmoapher". Doubtli-aH Dr. Stewart, whose roatheinatical attainmenls 
are well known, must hare directed his attention too eiclusirely to the physieal 
reqairenients of his throrj, or he wonld not have OTerloolud obrioiu mathema- 
tical objeclionB ftgsinit it. The portion of the return-trade region above the 
horisan of any place is clearly a LiminH ahaped like a watch gLma (slightly 
convex, see Sg. 8), and the whole of this should be illuminated by electrical 
discharges excited in the way he suggests. We may, in fact, see in this an 
explanation of the familiar phosphorescence seen sametimes lo eorer the whole 
hearens (which gives tha same spectrum m the aoron and todi seal light) ; and 
even though at times, or even commonly, only a paction of this lamina should 
be BO illnminaled, no reason cno be shown why that portion should always be 
an inclined tongne-ahaped slip, na it shonld be, to account for the zodiacal light 
in our latitudes. It is hanily ueeessBry. however, to point out to the aatrono- 
mical reader iliat a light which exhibit* no parallactic displacement, which 
vaciea in position for different latitudes according lo the laws alfecting the 
crieeti*! bodies, which rises aod sets accoiding to the same laws, and which 
lutly affects theueigfabonrhoodofAe ecliptic, cannot by any possibility belong 
to the Earth's atmosphere. The zodiacal light miffil be explained as due to a 
ring of matter surronnding the Earth, at a distance nearly equalling the Moon'e, 
sod travelling (as snch a ring would) nearly in the plane of the ecliptic. 
Snch as explanation was indeed put forward in 1896 by Prof. Hei*. But th« 
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Hence we eliould expect to find precisely such a glow of 
light round the Sun in total eolar eclipseB aa we actually 
do see. 

Again, from what we now know respecting meteors, we may 
derive abundant evidence in fiivour of the view that count- 
lean myriada of these bodies must always lie in the Sud's 
neighbourhood. For though, while the meteoric orbits were 
supposed circular, there was nothing very surprising in the 
&ct that the Earth encountered more than a hundred meteor 
systems (because the zone of such systems seemed to lie close 
by the Earth's orbit), yet now we know how eccentric the 
meteoric orbits really are, we recognise the fact that ante- 
cedent probabilities would be wholly against the Earth's 
encountering even one such system, were there not many 
millions of them. And since she encounters more than a hun- 
dred, we conclude that there must be millions on millions of 
such systems having their perihelia within the Earth's orbit 
These uncounted systems ought to become visible during a 
total eclipse, since their dispersed members would lie in all 
directions round the Sun. Those meteoric flights also which 
were near him (and many must pass very near to him) would 
shine with a light whose brilliancy would go far to make up 
for the extreme relative minuteness of the individual meteors. 
Since near the Sun's disc the line of sight would be directed 
through a range of many millions of miles over which such 
meteors must be freely distributed, while along some 200 
millions of miles in this direction meteors must be scattered 

phenomena of the Mdiaol light are much bMter eiplnined by the theor; that 
it is due to a enlar app«ndagp, even if we •dmit that tbe light iMnetiiDei ei- 
teede from the eoBtem to the western borizoti. Bat while HeWtimorj, with 
orerwhdming probnbilitiee againet it, haa wnne points ia its f4vaur, the ilie(^ 
that the lodiaeal light ie an stmoapheric phenomenon, ja ahaolntely antenabla. 
If aUTthing could render the theory mor« strikingly opposed to observation 
than it ie, it would be thoee occasional peculisritiaH of the todia«iil U^t which 
have been thought by iDnie to fnvonr the theory. These pecnliarities simplj 
add new diiB<Milti«i to other* already overwhelming. 
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more or leas richly, oDe can recogniBe the reason of the bright- 
ness of the corona near the chromstosphere. 

Further, we know from the researches of Leverrier that 
there must exist continually in the Sun's neighboiurhood a 
<[uantity of matter sufficiently important to affect the motion 
i»f the perihelion of Mercury. A few relatively considerable 
planeta (as lai^, say, as the asteroids) might effect the ob- 
served changes; but far more probably a multitude of minute 
bodies may be held to be in question. Now the constant 
presence of meteors in the Son's neighbourhood would pro- 
duce the observed results, even though the individual meteors 
might remain but a brief time in the Sun's neighbourhood, 
to past) away presently on orbits whose aphelia might lie &r 
beyond the orbits of the major planets. 

Further, Mr. Baxendell has shown that certain peculiarities 
of magnetic and thermal change seem to point very deci- 
sively to the existence of a solar appendage holding the 
position which the corona, regarded as solar, seems to occupy. 
I have had the pleasure of discussing with him many of 
the relations considered above, and I tind that there is 
nothing in his valuable meteorological researches which 
opposes itself to that particular view of the corona which I 
have advocated above, while his main result (which I hold 
to be of extreme importance) supplies an obvious argument 
in favour of that view. 

Lastly, there are ceri^ain peculiarities in the aspect of the 
corona which seem only explicable on t'he theory above 
enunciated. Such are those radiations which are not at 
right angles to the Sun's limb ; the phenomenon of loops of 
light in the corona with their concavity directed towards 
tiie Sun ; the strange appearance resembling a hank of thread 
in disorder, seen by Arago in 1842 ; and other peculiarities 
too numerous to specify. 

I know not of any phenomena which oppose themselves 
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to the view here put forward, though I have carefully sought 
for Buch. 

The spectroscopic aoalysiB of the corona has not hitherto 
been altogether satiafoctorj, so that it may hardly be well 
to lay much stress upon it. It accords very satisfactorily, 
however, with the above theory. There would be a laige 
quantity of reflected solar light in the corona, bat there 
would also be much light from incandescent meteors, since 
those which came within a million miles, or so, of the Sun 
would undoubtedly be raised to a white heat. Some of the 
met«ors would, in all probability, be vapourised, and so a 
portion of the light tbey supply would give a bright line spec- 
trum, though probably of extreme faintness. The observed 
association between meteors and comets suggests obvions , 
considerations in explanation of the peculiarities which 
characterise the spectrum of the corona. If the great comet 
of 1843, which passed within 65,000 miles of the Sun, has, 
like Tempel'e comet, a train of meteoric bodies following in its 
track, these must be vapourised in the Sun's neigbboturhood. 

The contradictory evidence afforded by the polariscope is 
also obviously accounted for by the theory I have here advo- 
cated, even if it may not be said of itself to force upon lu 
the belief that the light of the corona is of that mixed 
kind which could scarcely result but in the way specified in 
that theory. 

It would be desirable that measures should be adopted to 
insure the application of effective modes of observation 
during the very brief interval of total obscuration. I think 
the Astronomical Society might with advantage appoint a 
committee to consider whether novel appliances and methods 
might not be employed to good purpose. The points I now 
proceed to touch on are so simple that some apology may, 
perhaps, be needed foi' bringing them under the notice of the 
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Society ; but if they should lead practised observers to make 
really important eu^estions, my purpose will have been 
fulfilled. 

la the first place, I would remark that obeervatioue 
specially directed to prove that the corona in a solar append- 
age would, in my opinion, be a complete waste of time and 
skill. It would be a misfortune — ^nay, it wotdd even be in 
a sense discreditable — to astronomy, if the attention of ob- 
servers should be directed to the solution of a question which 
has been practically solved during former eclipses. Unless 
the most obvious considerations of mathematics and optics 
are to be entirely neglected, the position of the corona as a 
solar appendage must be regarded as established, and all 
observations made with the object of confirming or disprov- 
ing the matter, as simply futile. 

But if we must travel over old paths, in order to make 
plain that which is already demonstrated, there are a few 
modes of observation which may he suggested as likely to 
give significant, however unnecessary, evidence. 

If an ol»erver were to confine his whole attention to the 
lunar disc during the eclipse, having a telescope with well- 
adjusted clock movement, and a field somewhat less than 
that of the full Moon, he would he able to recognise the 
following striking proofs of the teal way in which the glare 
of the atmosphere varies during an eclipse. He would see, 
a? the total phase approached, the atmospheric glare over 
the Moon's face gradually diminished, and then what re- 
mained of actual glare from direct solar rays sweeping rapidly 
acrow the &ce of the Moon and leaving ber disc relatively 
dark. But in a few moments the observer would be able (in 
favonra^e atmospheric circumstances) to recognise the spot^ 
on the lunar surface. 

If an observer were to limit his attention to the Moon's 
disc during totality, keeping his eyes in darkness until the 
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commencement of totality vaa announced by tlioBe aromad 
him, be would be certainly able to see the lunar spot«, unle8§ 
atmospberic conditions were very unfaTourable indeed. 

Attention might be directed to the shape and motione of 
tho dark r^on of the sky surroimding the corona ; and 
such observations would not be so complete a waste of time 
as those last considered, since it is evident that important 
information might be gathered from them respecting the 
height of the atmosphere. Such information would be in 
many respects more trustworthy than that which has been 
derived from the position, shape, and motions of tjie cre- 
puscular curve. 

But a mode of observation which I would advocate vith 
great earnestness, is the simple application of telescoinc 
power to determine, if possible, the structure of the corona. 
1 have no doubt that this structure ia continually changing ; 
but most valuable information might be gained from a care- 
ful study of the position of the coronal beams at the time, 
and of those singularly complex hanks and streamers which 
have been already noticed by astronomers. The use of a 
telescope of low magnifying power, but of firet-rate definition, 
a comet eye-piece being employed, would be desirable in 
thug studying the corona. The telescope should be accu- 
rately driven by clockwork, and a dark irifl-disc, if I may 
so describe an arrangement which would be the converse of 
an iris diaphragm, might be employed with advantage to 
hide the light of the prominences and chromatospbere. If 
the field of view were several degrees in diameter, and the 
dark disc at the beginning of totality concealed a circular 
space extending a degree or so beyond the eclipsed sun, the 
observer might first examine with great advantage the outer 
parts of the corona, and gradually extend his scrutiny to the 
very neigbboiu'hood of the prominences. Supposing bis eyes 
bad been kept in darkness before totality began, he would 
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be able to gam bucIl an inBight into the real Btmctuie of tiie 
corona as has never yet been obtained by astronomers. 

As regards the spectroscopic and polarisoopic analysis of the 
corona I shall say little. It would obviously be most dedr- 
alde that Dr. Hnggins, Mr. Lockyer, and those astronoraers 
whose attention has been practically directed to researches 
oi this sort, should give earful consideration to the question 
bow the Bhorb interval of totality may best be employed, 
and that they should make their views public as early as 
posmble. To one point, however, I shall venture to direct 
the attention of observers. It seems to me most important 
that every observer proposing to take part in applying sucb 
delicate light-teeta to the corona, should prepare for the 
observations he is to make by keeping his eyes in darkness 
as nearly complete as possible for some time before totality 
commences ; and, further, where different parts of the corona 
are to be examined, the fainter parts should be first dealt 
with. 

If the search for an iotra-Mercurial planet is to be renewed 
with any chance of success, there can be little doubt that 
the telescopist must keep the corona, or at least its brightest 
portions, out of the field pf view. A telescope specially con- 
structed for the purpose, having a motion carrying the tube 
conically roimd a mean position might easily be devised ; 
and with such an instrument one might conveniently sweep 
the Sun's neighbourhood all round the limits of the corona, 
for Vulcan and perhaps a train of attendant Cyclopes. But 
a telescope of low power, with a comet ey&-piece, and a 
diaphragm concealing the brighter part of the corona, would 
probably be quite as effective. 

For this class of observation also it would be very advan- 
tageous that the eyes should be kept in darkness for some 
time before totality commenced. 

Are observers to be found who would be ready to forego 
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the opportunity of witnessing one of the grandeet of all 
natural phenomena, of watching the gathering shadows, of 
beholding the wonderhil tiansformation of the face of nature, 
the weird and unearthly aspect of all things round them, 
and the strange beauty of the solar corona of glory, in order 
that they may devote all their observing energies during two 
short nuQutes to important^ but severally uninteresting, phe- 
nomena ? We know that, so &r as the period of totality is 
concerned, such a sacrifice has already been made by Pe La 
Hue and Tennant, by Secchi, Janssen, Captain Herschel, 
Young, and a number of other lovers of science ; but no 
observer has yet foregone the whole spectacle of a total 
eclipse for the sake of the dull, dry details of scientific 
observation. 

XMilhly Xotkei of the Roj/al Aitnmomkai SoeUty for Hatch 1870. 



,.,.d,i. Google 



FURTHEK KEMARKS ON THE CORONA. 



FURTHER REMARKS OJf THE CORONA. 

At the meeting of the Astronomical Society in April 1870, 
Dr. Gould, of America, indicated his belief that the 
trapezoidal corona seen by himself and other observers daring 
the progress of the American eclipse was in &ct but the 
chromatosphere seen under xmusually favourable circum- 
stances. He added, that the light outside that four-cornered 
corona appeared to shift in position, and hence he concluded 
that it was terrestrial. 

It aeemfl to me that, if this view be admitted, the diEBculty 
pointed out by Mr. Lockyer in the case of the corona con- 
sidered generally, exists in scarcely diminished extent in the 
case of this trapezoidal appendage also. Estimated by most 
of the observers as extending fully 12' from the disc of the 
eclipsed Sun, its real depth would be far more than 320,000 * 
miles, and the pressure even at the summits of tiie highest 
prominences would be enormous. 

W© gain nothing, then, by Dr. Gould's supposition; . 
though of course that does not prove it to be erroneous. But 
Dr. Curtis (whose successful photographs appear in Com- 
modore Sands's reports of the total eclipse) remarks that he 
has read Dr. Gould's statements respecting the eclipse with 
considerable surprise. After referring to the photographio 

*£TenmMr. WhippU'a photograph it has an extent of full; 6', which wuuld 
correBpond to more than 160,000 mjlet, or 80,000 miles above the highest 



,.,.d,i. Google 



196 ASTEOSOMICAL ESSAYS. 

evidence, he adds, * Dr. G-ould adduces as an additional ail- 
ment in favour of his assumption the ohserration that the 
long coronal beams appeared to him to be ' variable,' while 
the 'aureole' photographed was evidently ' constant ' during 
the time of totality. This argument, however, loses some of 
it« force when it is remembered that to other observers the 
corona appeared to the eye absolutely michangeable, both in 
form and position, during the whole period ttf the total ob- 
scuration.' He goes od to iudlcate the probability that Dr. 
Onuld ha« mistaken a photographic effect for a real pheno 
menon, in this case, precisely as when he interpreted Uie 
apparent encroachment of the basee of the prominences on 
the Moon (a duk-room phentHnenon, as Curtis ^ows) to 
' specular reflection ' at the Moon's Bur&ce. 

I must confess that, after a very careful study of the whole 
series of American observations. Dr. Gould's view appears to 
me ta be alti^ether disposed of by the concurrent testimony 
of so many and such skilfid observers. 

One striking, and as yet unnoticed, piece of evidence 
exists in - General Myers* report of the a|^>earance of the 
corona as seen from the summit of White Top Mountain, 
5,530 feet above the sea^evel. Here the same quadrangular 
aspect was observed as at lower levels (and in Whipple's 
photograph), but the rays were much longer. ' The silvery 
mys,' he says, ' were longest and most pTominent at four 
points of the circumference — two upon the upp», and two 
upon the lower portion — apparently equidistant from each 
other, and at about the junctions of the quadrants designated 
as ''limbs," giving the spectacle a quadrilateral shape.' He 
remarks that these silvery rays were ' straight and massive,' 
and extended ' to a distance of two or three diameters of the 
lunar disc.' He adds, ' There was no motion of the rays.' 

It seems impossible to mistake the significance of theae 
observations. 
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In tlie preceding paper on the corona and zodiacal light, 
I dealt specially with the theory that the corona is due to the 
illumination of the earth's atmosph«« by light not affected 
* by any action at the Moon.' Many of the aigumente, how- 
ever, apply equally well on the supposition that there is such 
action. The striking &ct that at the time of central eclipse 
the cone within our atmosphere bounded by lines from the 
observer's eye to the Moon's limb, contains no light, while 
the cylinder within our atmosphere boimded by lines from 
the Sun's limb to (and produced beyond) the Moon's, contains 
much light, affords, I take it, absolutely convincing evidence 
that this light is derived from an object &r beyond the Moon. 
For if we suppose the solar rays to get by any process within 
the cylinder, they should clearly traverse the cone also. For 
example, aBBuming that s solar ray passing by the Moon's 
edge is deflected (by whatever cause) so as to fall within that 
cylinder, into which (&om its very nature) undefiected 
rays cannot pass, the deflection, in order to account for 
observed appearances, must carry the illumination of our 
atmosphere up to the above-mentioned cone, and there sud- 
denly the illumination must cease. But the cone has no 
existence in nature ; it is but a mathematical conception : 
why then should these deflected rays respect it F * 

Even La Hire's theory, which De Lisle is supposed to have 
overthrown, seems more easily supported than one which 
requires a moving shadow-cylinder of air to be illuminated, 
while a fixed cone {not a shadow cone) within it remains in 
darkness. 

It Bcems much more natural to r^;ard the darkness of the 
lunar disc, and the relative brightnesB of the corona, as due 

* Ki. Xockfer talli me thkt H. Fuye expreulj ■aggests that theM il fome 
action at the Moon, uid that, acccoding to his and M. Fa;«'a theorj, it is thus 
the BtaiDBpbrae gata illumiiiated. What the naton of Cha action may ba I 
bats not jet heard, nor can J coDceire of any which would accoont, howarer 
fODghlj, for obi«rvad tjtcta. 
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simply to the fact that the Moon is an opaque body very 
much nearer to us than the corona. 

liet me renew my statement that it is the importance of 
the approaching eclipse which forces me to urge now views 
which I have long entertained. It appean to me that if, as 
I hold to be the case, the evidence respecting the corona is 
amply sutBcient to prove it to be a solar appendage, then it 
would be a serious misfortune if any observers were to devote 
tbeii time to establishing this fact. Instead of this, I should 
l>e glad to see every moment of the short duration of totality 
devoted both by general observers and spectroscopists to the 
inquiry what sort of a solar appendage the corona may be. 
On this inquiry depend issues of the utmost interest and 
importance to science ; the other would be a waste of time : 
on one question we have abundant evidence ; on the other 
(to quote the just words of Professor Pritchard), 'wise 
astronomers profess their profound ignorance.' 

Monthly Kotktt of tht Bogal jMtnmomed SoeUts, October ISTO- 



,.,.d,i. Google 



ovdehann's thgobt of coronal radiations. 199 



NOTE ON OUDEM ANN'S THEORY OF THE 
CORONAL RADIATIONS. 

The papers read at the meeting of the Aetronomical Society, 
in March 1871, on the subject of the recent eclipse vere so 
full of interest that it seemed desirable not to prolong a. dis- 
cussion which was raised respecting Oudemann's theory of 
the coronal beams. But as some of the resulU which the 
eclipse observers obtained would i^ppear to be invalidated if 
certain points of Oudemann's theoiy were admitted, I venture 
briefly to note two objections of which the second at least 
seems decisive against those points. 

Admitting, with Oudemann, the probability that the 
inter-planetary spaces are occupied, to distances from the 
Sun &r exceeding the radius of the Earth's orbit, by matter 
capable of reflecting a certain proportion of light, it yet 
appears improbable that the whole quantity of such matter 
within a distance £rom the Earth equal to the radius of the 
Moon's orbit could reflect an appreciable quanti^ of light. 
It seems exceedingly unlikely that under such circumstances 
the sky towards the meridian at night would lemain to all 
appearance dark, while yet, according to Oudemann's view, 
the sky towards the Moon's place during total eclipse would 
be appreciably illuminated. It is undoubtedly true, as was 
pointed out by Professor Adams, that some substances (black 
cloth or velvet for instance) are rendered visible by rays 
falling obliquely, whereas tays felling square to their snr&ce 
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are absorbed. But certaiDly all the fomiB of aon-luminotiB 
matter vhich we know of as tenanting the interplanetary 
spaces, would be better seen when placed as planets are 
when in opposition than as planets are when near inferior 
conjunction. I nfied not point out why this is, or that it is 
not so much a question of the reflective capacity of the 
particles themselves aa of the jtroportioD of their illuminated 
surface which is turned towards the Earth. Certainly a 
group of minute meteors near the Moon's place when she is 
full would send us much more light than the same group 
near the Moon's place when she is new. 

But quite apart from this, there is an argument which 
appears to me to render Oudemann's reasoning altogether 
inadmissible. Assuming that the quantity of illuminated 
matter lying on this side of the Moon during total eclipse 
would by itself be appredaUe, yet the much greater depth of 
the same matter lying beyond the Moon (and as well placed 
for the oblique illumlBation required) would be enormously 
greater, and would also be illuminated &r more brightly. If 
a depth of 250,000 miles, full of such matter as Oudemann's 
tiieoiy requires, could give a certain quantity C of light, the 
ten millions of miles next beyond and towards the same direc- 
tion would undoubtedly give more than the quantity 40 C 
of light, and the remaining eighty millions of miles lying 
yet further beyond, towards the neighbourhood of the Sun 
himself^ would give a quantity of light which would even 
render this last-named quantity wholly inappreciable. 

This is further illustrated by fig, 11, in which em repre- 
sents the minute portion of fiiinUy illuminated matter between 
the Earth and Moon, ms' the large portion of more highly 
illuminated matter lying beyond the Moon, towards, up to, 
and beyond the Sun's place. 

It is to be remembered that Oudemann's theory, or rather 
that special part of it which relates to the coronal beams. 
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vas ui^ed to explain the auppoeed mobility of the beams, tut 
Been by Dr. Gould; and that all the other American 
•observers in 1869 coaridered that tiie beams were stationary. 



Fio. 1 1 . — nimtiatiDg Ondemaiin'H Theory of die Girona. 

And further, it should be noticed that a single observation 
of the fixity of coronal rays (as, for instance, Bruhn's 
oj)8ervation in 1860) is more convincing than any nimiber of 
observations of apparent motion. For, seen as the beams 
must needs be (if beyond our atmosphere) through a medium 
whose condition is probably very variable during a total 
eclipse, we can readily understand that their aspect should 
sometimes aeem to vary, or even that they should appear and 
disappear under the observer's eyes. But the fixity of a 
coronal beam cannot so be explained away ; and those who 
are iamiliar with the history of eclipse observations are 
awate that many of the positive observations of this sort are 
unexceptionable. 

Now the great V-shaped gap in the corona of December 
1670 (fig. 12; see also figs. 13 and 14, p. 211) was visible at 
widely separated stations ; it b clearly recognisable in a 
photograph taken by the American observers in Spain ; and 
it remained unchanged during the whole of totality.* A 
positive observation like this, relating to an object extending 

* Since this voa written I hara had the apportanity of examining the beet 
ofUr. Bntthera'sphotogTsphBflakeQBtSjiBcoae). This Tiew, No. 6 of his nerieB, 
far torpaNing all other picture* of the corona in intwatt and rtlue, shows th« 
V-ahaped gap opposite the aonth-eastem qnadrant in an unmistakable manner. 
Indeed the gap is the moat atriling feature in the photograph. This diapouii 
of the queatiiHi. 
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to a great distance (nearly half a degree) from the MoonV 
limb, seems attt^ether unmiBtakable in its import. When 
it is added that the bright inner corona was perceptibly 
depressed where this V-shaped gap existed, results of very 
great interest are su^ested. 

Do not the obeervations made in December 1870 strongly 
support the view wged a year ago by many (myself among 
the number) that the corona is a solar aurora ? If the action 
of the radifU solar forces which generate thie aurora be 




attppoaed only to he more energetic over the spot-zone, and 
spedaUy over the regions where spots actually exist, we 
elunUd not only have an esaplanation of the so often, noticed 
trapezoid^ form of the corona, bvi also a suggested 
explanatwn, of the (^served association between the Swn^ 
spot period and terrestrial auroras. 

MoHtUy Katicei t^ tie Sojral jUtrtmomkal Seciatg toT J anaaxj IB71. 
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NOTE ON THE CORONA. 

^ TEAS since, I bad occasion to address the Astronomical 
Society on the subject of the corona. I then pointed out that 
no direct sonlight can illuminate the part of our atmosphere 
which lies towards and around the Moon's place ; and the pur- 
pose with which I wrote was simply that the views I dealt with 
might he withdrawn from public attention. At that time it 
seemed to me, on the one hand, very unsafe to theorize about 
the actual constitution of the corona ; but, on the other 
hand, it seemed demonstrable that the corona is a solar 
appendage. At present we are, I think, more fuTourabl; 
circumstanced ; more especially on account of those photo- 
graphic successes with which astronomers — as well workers 
as thinkers — hare such good reason to be satisfied. 

I propose to place before the April meeting of the Society 
certain views to which, as I think, the recent observations 
seem to point. At present, however, my object is merely to 
note what I take to be by &r the most important contribu- 
tion to our knowledge respecting the corona. I cannot 
regard the differentiation of the corona into two portions " 

* I would submit that tha word ' defined ' applied- in th« Report of the 
CoDDcil to ths ODtline of tlie inner port of the colons, requires to be modified 
or explained ; for midonbtcdlj the inner corona was not bannded b; what is 
luraaUj nnderatood aa a defined outline. The border of this part of the corona 
showed a rapid but not sudden d^jadation of brillinncj, lisTing a, perfectlj soft 
•utline, nowhere ahorplj defined. I Tenture, while there i« jet time, to orge 
the adoption of convenient and expressire names tor the phenomena prss«Dted 
duiing solar eclipses. 
' The word pholnphtrt serves a Teiy useful purpose, and I do sot know thit 
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as an acquisition, simply because for more than a century 
and a half the distdntstion had been recognised by astro- 
nomerg. Nor can I attach any signal importance to the 
proof afforded by recent obeervationB that the corona baa a 
great extennon &oin the eun ; nor to the confirmation of the 
long-disputed American observations; because both these 
points were in effect established before the eclipse took 
place. 

The great result of the rec^it eclipse observations will be 
found, unless I mistake, to lie in the association now shown 
to exist between the configuration of the inn^ and brighter 

anj othsr eomLd be dariMd which vonld b« neailj lo soitabla. But to HA 
Dunea chrvmoiptere and leuaupiere there ue gnr* objecdoiu. 

In the firat pUce, ^i* relation betveeo the promiDeiiMi and the layer of 
coloared mattw at a lowsi level is tnch aa to render the term Bitmi emplt^ed 
by thoM who diecovered the layer altogether more appropriate than eneb a 
■rrard aa CSkramoflphere. Secondly, the name Cbromo«phera inplieg tbat th« 
odonred layer forma a spherical envelope, which the irregnlaril? of its snffl- 
ciently well-defined outline ihowa not to be the case. Thinlly, the word is 
Dot properi; tbnned, ChromaloipAert being, I apprehend, the correct form. 

The objeeUona to the word l^uBoiphert ar« eren greater. Soch a •maA could 
not poeaibly be nnployed in dascriptJTe astronomy irithoat esplonMoiy notea. 
And fuither it can BCarcely be considered appropriate. For Ktimit me*as 
wbit«, and r^iSpa meana aphere ; tmt the inner corona, when teen nnder 
favonrable oonditjons, has not appeared whit«, and OMtainly it it not spherieaJ. 
Furthermore, grave doubts exist whether the implied diatinction between tlie 
inner and onter parte of the corona is more than apparenL It may be added 
that in all other eombinatioos of the kind— as ofneepWe, piolatphtn, and mo 
on — {Aemiiphat betonga to another class) the first word of the compound ia a, 
BobstiuitiTB. There seems a valid objection to a change of plan in tlus 

But the great oljection agunat both Ltuntupitrt and CkrMnotpktn consieta 
in the utter nnfitaess of either for the purposes of deaariptive writing. In 
thia respect they differ wholl; from the word Phatotphare, which refers to a 
relation not likely to enter into descriptive passages ; but, objects such as those 
for wbidi the names Chromosphere and Leacosphera bafe been inggeated 
require ezpr«srive n&mea. I can see no reason why the fine word ffierm 
ahoald not be restored to ita place in oar booka of astronomy ; nor why, if it 
Kball appear that a real distinction engla between the brightet and fiiinter 
parts at the corona, (be former should not be called (aa already by Schellsn 
and Seochi) the corona and the latter the glory. Or else F^fessor Airy'a 
mode of describing them might well be adopted, and one called the rimg- 
formtd eoroita, the other Ule radiated eorona. 
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portion of the corona and ite outer and more strikingly 
radiated portion. This is shown unmistakably by a com- 
pariBon of the drawing of Lieut. Brown, fig. 12, p. 202, 
with the photc^rapha of Mr. Willard and Mr. Brothers, 
figs. 13 and 14, p. 211. It was indeed strikingly evi- 
denced during the eclipse of 1869, but not absolutely de- 
tnonstrated. It seems to me a fact of the utmost import* 
ance and significance ; more especially when combined with 
the seemingly established relations between the regions of 
greatest prominencenlisturbaiice and the expansions of the 
inner part of the corona, and with that other relation which 
associates the spot-zones with the larger and more active 
prominences. 

It might seem at first sight that the long radiations oppo- 
site the bright parts of the inner corona could be explained 
as due to the illumioation of our own atmosphere in corre- 
sponding directions. But the simple consideration of the 
way in which our atmosphere is illuminated by the corona 
will show that no radiations extending outwards could make 
their appearance without corresponding expansion on either 
side, and a yet more marked extension inwards over the 
Moon's disk.* The uniformity of the light over the Moon's 
disk, its faintnees, and especially its observed inferiority to 
that received 15' from the Moon's limb, would BuEBce to dis- 
prove the imagined explanation, which is also, however, 
opposed to the simplest optical considerations. 

* It vaa with much pleasun that I heitrd Mr. Brothers rend at the kat 
meeting a letter from Dr. Balfour Stewart, in which Tiews vers expressed pre- 
ci«el; limilor lo those abovs enunciated. Id the same letter Dr. Stewart pointed 
ant (ai I had ghown in the Monthly Notkti for Harch 1370), that though our 
atmosphere towards the Hoon'e place i» nndo«bt«dly illuminated by light 
from the prominences, aiarae, and inner corona, jet that the quantit; of light 
receiyed in this waj can bear no higher proportion to the actual light of thft 
corona and promiDeDCea than the atmospheric glare in full Bonlight bears to 
Bucb fanlight. It has been this Brgnment--absoliitelf damonstratire, despite 
its extreme aimplicitj — which has caused me for man? months poat to feel 
complete certain^ respecting the general nntam of the corona. 
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I coQceive we have now clear evidence of a form of action 
— but whether eruptive, electrical, or eimply repulsive, is not 
as yet obvious — exerted outwards to enormous distances by 
the sun, and with maximum energy over the spot-zones, but 
local, variable, and probably intermittent. 

MotitUg Sotitu <fftht Royal MranomiaU Society for Murcb 1871- 
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ON THE SHALLOWNESS OF THE REAL SOLAR 
ATMOSPHERE. 

In my treatiee on the Sun I hare pointed out at page 192 
that the conspicuous nature of the darkening of the disc 
near the edge is a proof of the ehaUowaess of the superin- 
cumbent atmosphere, and not, as is commonly stated, of that 
atmosphere's lieing enormously deep. And at p. 295 I in- 
dicate reasons for believing that the method by which the 
prominences and sierra have been studied when the Sun is 
not eclipsed, is not capable (save under highly exceptional 
conditions) of exhibiting the existence of the true solar 
atmosphere— that atmosphere, to wit, which causes the dark 
lines in the solar spectrum. 

It will be known to all who read this communication tiiat 
Professor Young of America, and Mr. Pye, independently 
recognised the existence of a highly complex atmosphere 
close by the solar photosphere. The slit of a spectroscope 
being placed tangentially to the limb, at the place where 
second contact was to occur, the spectroscopic field at the 
moment of totality and for several seconds after, was seen to 
be foil of bright lines, * every non-atmospheric line of the 
solar spectrum showing bright.* 

The accuracy of this observation has been called in ques- 
tion. It is urged that the method of observing the tm- 
eclipsed Sun should be competent to show these bright Unes 
if the supposed atmosphere have a real existence. 
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Now the competeDce of the last-mentioned method, so far 
KB its power of obviating tlie effects of atmospheric illumina- 
tion is concerned, cannot be questioned. For, indeed, as we 
know, Mr. Lockyer has, on one occasion, seen multitudes of 
the Fraunhofer lines reversed in this way. But because he 
has on all other occasions fuled, while neither Zollner, 
Bespighi, nor Young has been &voured even with a single 
view of this sort, it is urged that no such atmosphere can 
exist, or that, at any rate, eclipse observers could have no 
better opportunity of rect^ising it with the spectroscope 
tlian those who have studied the uneclipeed sun. I would 
submit that this inference is erroneous, and that in one 
important respect observatione made during eclipses have a 
' great advantage over observations made when the sun is not 
eclipsed. It has been overlooked, as I opine, by those who 
urge the objection I am considering, that the image of the 
solar limb, whether as viewed in the telescope, or spectro- 
Bcopieally, is formed by the combination of diffraction-images 
of the several points of the real limb ; and therefore (inde- 
pendently of irradiation, which, however, should also be 
taken into account) must needs extend beyond the true 
outline. We can tell, in fact, how great the extension is, 
since we know (experimentally) the dimensions of the diffrac- 
tion-images of luminous points, for given apertures. A 
telescope which would not separate 7* Andromeds, for in- 
stance, would o»riamly not be capable of showing (when 
armed with a suitable spectroscope) the bright lines of a 
solar atmosphere whose height subtended but about the fifth 
of a second— that is, of an atmosphere 80 or 90 miles in 
height ; nor probably would it show these bright lines, even 
though the atmosphere were three or four times as high. 

I think, therefore, that we are not justified in rejecting, 
or even in regarding as inconclusive, the observation made 
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by Professor Young * and Mr. Pye. The inference would 
clearly be that the sierra cannot in any sense be regarded as 
the true solar atmosphere. Be it noted, also, that the 
evidence here considered is altogether independent of that 
on the strength of which I have been led to assert that in 
all probability the sierra is not of the nature of a solar 
envelope at all, but is nuide up of multitudes of relatively 
small prominences and of the remains of lai^r ones. So &r 
as I know, the only circumstance on which the theory that 
the sierra ia an atmospheric envelope was founded, was the 
supposed smoothness of it6 outline. This relates to the 
observations which led to the renliBcovery of the sierra in 
1868. But telescopic obeervations by Airy, Leverrier, Secchi, 
and many others in 1847, 18j!!1, 1860, &o,, had abondantly 
estftblished the fact that its outline is commonly irr^ular. 
Eeephigi, in 1868, confirmed thia with the spectroscope, and 
the fact is now generally admitted. 

We have, I conceive, no escape from the conclusion that 
the prominences and sierra consist of glowing vapour which 
has been flung tkrmigk the real solar atmosphere, — thati 
atmosphere being highly complex and probably existing, 
especially near the photosphere, at an enormous pressure. 
What that medium ia in which the prominences and sierra 
are seen remaioB to be shown. 

MontfUy Netvut qftke Soyai Jtlmunitieai Seeitfy tat Huch 1871. 



* Tliia obMrration mi complatal^ eoiifiim«d daring Uw «d)pM of DteMnbor 
1871- It ibodldbr Doticed tlist dks credit of the obierratton motl b« wdgiiad 
ftlmoot wholl; to Prof. Yoong, siiiM he >Ion« used an Knalyiing ipcctroaM^e. 
Tho inUgiating BpeuroKope oud bj Mr. ^e vu a^)'"'^ ^J P^- Yonog, 
wbo ftlao inatnieted Mr. Fjs in ita hm. 
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. THEORETICAL CONSIDERATIONS RESPECTING 
THE CORONA. 

iLc may be queetioned wbetlier we are yet in a position to 
theorise safely re^ipecting tbe corona ; yet I feel that I need 
joffer no apology for entering here upon the aoalyna of the 
evidence now available on the Bubject, with the object of 
determining towards what hypotheses that evidence appears 
to tend. Having lately had occasion, while preparing my 
treatise upon tbe Sun, to go through the principal records 
of former eclipses, I shall be able to avoid the mistake of 
giving undAie weight to observations lately made ; — that is, 
• of giving them a value founded rather on their lecentnees 
than on their specific importance. It has always seemed to 
me specially necessary, if one would theorise safely, to attadi 
proper weight to aU the known tacts ; and I have sometimee 
been led to believe that the want of success with which, as 
a rule (save in a few bighly exceptional cases) observers 
theorise on their special subjects, is to be looked for in the 
fact that their own observations acquire an eza^erated im- 
|>ortance in their minds, the labours of others being unduly, 
though quite honestly, underrated. Precisely as the workers 
in some great edifice are not well placed to recognise its 
proportions as a whole, so it must commonly happen that 
the most skilful workers in science are precisely those who 
are least fitted to judge of the position to which — by others 
labours and their own — their special subject has attained. 
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Fra. 1 3. — Hr. Willnrd'a photogmph, lAkea D«sr Xerez. 
Fra. 14. — Hr. Brothent'H phoEogmph, lukan nt SyncMKe. 
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Certainly, there haa been muclt to suggest roch eonnderft* 
tioss ID some recent eounciations of opinion respecting the 
corona. Many of the able spectroscopic workers who have 
dealt with the subject seem to regard spectroscopy as almost 
the only means of attacking the problem ; experts in pola- 
riscopic analysiB have at least not miderralued their special 
department of research ; Mr. Brothers is convinced of < the 
pre-eminent nse of photography for determining points in 
dispute ;' and some general observers appear to consider the 
two minutes* view they have had of coronal phenomena 
more likely to supply a correct answer to all our questions 
than either spectroscopy, polariscopy, or photography — to 
say nothing of the general observations made by others, or 
of the voluminous records of former eclipses. 

If we consider what new information the recent eclipse 
has brought us, and combine that information with what 
had previously been ascertained, we shall probably have a 
better chance of arriving at satis&ctory results than by 
limiting our attention to a few disjointed &cts. Fortu- 
nately the attention of those, even, who are least &miliar 
with the history of coronal research, need now no longer be 
distracted by any theories tending to explain the corona as a 
phenomenon of our own atmosphere. Men of science are 
now in (practically) unanimous agreement as to the solar 
nature of the corona ; so that we can give our whole atten- 
tion to the much more difficult, and much nobler problem, 
*What is the real nature of this great aolar appendage 
which total eclipses reveal to our view?' 

I have long entertained the belief that the solar corona 
is due, in great part, to the existence of millions of me- 
teoric systems having their perihelia for the most part 
much closer to the Sun than our E^arth's orbit. The evi- 
dence recently obtained induces me to think that I have 
somewhat exaggerated the part which must be assigned to 
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meteoric systenu in sccoiintiiig for coronal phenomeniu Of 
course there can be do question about the existence of esor- 
mouB Dumbera of meteoric systems in the position specified. 
It would be utterly imreasonable to suppose that the 6fby- 
tax meteoric systems recc^^nised by Prot Alexander Hflrschel^ 
and those others (making up the number to more than a 
hundred) which Heis has recognised, bear any but a most 
minute proportion to the total number having perihelia 
within the Earth's orbit. The laws of probability will not 
permit such an assumption for a moment. Nor can it well 
be doubted that the density of perihelion-distribution - 
increases towards the Sun's neighbourhood, in the case of 
meteors, precisely as in the case of comets ; insomuch that 
portions of many meteoric eyatems would be much more 
intensely illuminated (suriace for surface) than our Earth, or 
Venus, or Mercury ; while in many cases myriads of met«ora 
near the perihelia of their orbits must be rendered incan- 
descent, if not absolutely vaporised, by the intensity of heat 
to which they are exposed. Even setting this probability 
out of the question, it remains— -not a theoretical — but a 
demonstrated fact, that no inconsiderable quantity of light 
must come to us during total eclipse, tcom meteors lying 
towards the Sun's place and illuminated by his light. 

but although we have thus undoubtedly found a vtra 
eauaa for a portion of the coronal light, yet there are 
phenomena which seem to prove that another and larger 
portion remains unaccounted for. In a former paper I 
have pointed out the most marked peculiarity of the 
aoit — the observed association, namely, between the ex- 
paosions and depressions of the inner part of the corona, 
and those far-reaching radiations which form tiie principal 
fieatuie of the outer corona. This ia most strikingly shown 
in the negative of Mr. Brothers's best photAgraph, and is 
confirmed by Lieutenant Brown's drawing. But it ia 
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worthy of notice that during the eclipse of 1869, evidenc«] 
WHS obtained which tended almost as strongly to estabUtb 
the same association; and I am disappointed with myself^ 
that, though I long and carefully esamioed the records 
(photographic and otherwise) of that eclipse, this impoitaat 
fact escaped my scrutiny. Now there is another relatiooj 
scarcely less significant when considered alone, hut assuming 
a yet greater importance when combined with the laat. 
Wherever the inner portion of the corona is depressed, there 
the coloured prominences are wanting and the sierra itself is 
shallow. Professor Roscoe, speaking of Mr. Seabroke's maps 
of the prominences (made before the eclipse), and Professor 
Watson's drawing of the inner corona, says: — 'On com- 
paring the two drawings thus independently made, a most 
interesting series of coincidences presented themselves. 
Wherever on the solar disc a large group of prominences 
was seen in Mr. Seabroke's map, there a corresponding 
bulging out of the corona was chronicled on Professor 
Watson's drawing; and at the positions where no promi- 
nences presented themselves, there the bright portions of 
the corona extended to the smallest distances from the Sun's 
limb. It of course follows, by combining the two relations, 
that the prominences are most numerous where the corona 
extends farthest, a iact noticed by Mr. Brothers, who tells 
us that throughout totality (as evidenced by his photo- 
graphs), there was more coronal light on the west side of 
the Sun than elsewhere, and further, that ' the prominences 
were more numerous on the side where the corona was 
brightest.' * Indeed, on this side there was seen towards 

■The photognph of Lord Lindsay's Beries which \nta exhibited at ike 
Jsauatj meeting seemed to show the reyeree. It appears, however, on a 
careful compariBon of that pboti^praph with Mr. Brolhera'a and the Americaa 
one, that in some as yet nnexpUined way Lord Lindsay'B has been invBrted oud 
WTeraed. The perfect agreement of the prominences when this coFFection 
U attelided to leaves no doabt tliat each a mistake has been made. 
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the flose of the totality a perfect sickle of pronunences,— t 
according to the account given by Father Secchi. 

Now, the point to be specially attended to here is the 
evidence of vertical disturbance (vertical with reference t« 
the Sun'e globe) extending to enormous distances £rom the 
photosphere. The Dotioo that we have to do with objects of 
the nature of concentric atmospheric shells — advanced (as it 
seems to me) in the first place on very insu^cient evidence 
— appears completely negatived. If the inner corona had 
presented no signs of association with the outer corona, we 
might have overlooked the very marked departure of the 
former's outline &om concentricity with the Sun's, precisely 
as for several months the irregularity of the sierra'a outline 
was overlooked or forgotten, and the atmospheric-shell 
character ascribed to it (by implication) in the adoption of 
the title chrom(at)o^here. But the observed association 
between the inner corona, and so obviously unshell-like an 
Appendage as the outer radiated corona, leaves the shell 
theory, implied by the title leucoaphere, altogether un- - 
tenable. We might fairly claim from an atmospheric shell 
a respectable smoothness of outline, but we can authori^ 
tatively claim that it shall not associate itself, even in 
appearance, with a strikingly radiated and gapped ap* 
pendage. 

But equally the meteoric theory of the corona must be 
(abandoned, at least so for as it« claims to account for the 
special features of the corona (and therefore for the greater 
part of the coronal light) are concerned. 

We seem to have unmistakable evidence of the action of 
'Vertical solar forces, or at any rate of forces directed out- 
'.wards from the Sun's globe — though not necessarily exactly 
jadial. 

At the outset, the air of improbability which unquestion- 
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ably lUTTounds this tiieory,* u to a certain extent r^nored 
by wbtit we bave learned respecting the formation of promi- 
nences. The evidence supplied by Zollner and Sespigbi, to 
vboBc labours in tbis special department astronomy owra bo 
much, suffices to show that prominences, as respects Uieir 
first formation, are phenomena of eruption. For although 
Zollner has divided the prominencee into two classes — ihe 
cloud-prominences and the eruption prominences— yet he 
in no sense negatives the statement of Respighi, that the 
appearance of prominences is preceded by the formation of a 
rectilinear jet, either vertical or oblique, and very bright and 
well-defined, fiespighi adds, that a jet of this sort, * rising 
te a great height, is seen te bend back again, &Uing towards 
the Sun like the jets of our fountains, and presently the 
sinking matter is seen te assume the shape of gigantic trees 
more or less rich in branches and foliage.* 

The velocity with which the gaseous matter of these pro- 
minences must pass the photosphere, in order to reach eo 
great a height above it as Respighi has noticed in the case 
of some prominences, is as nearly as possible 200 miles per 
second, even if we neglect all the eifects of resistance as the 
erupted gas rushes onward to the highest point of its excur- 
sion. Let this be specially noted. If the hi^est pro* 
minence yet seen by Respighi was the highest possible, and 
was wholly unforeshortened, we yet have proof of an emp- 
tive action capable of sending out gaseous matter with the 
enormous velocity mentioned above ; and this, be it remem- 
bered, is only the velocity with which the erupted matter 
crosses the level of the photosphere. Far beneath that 
level, at those depths, for instance, whence Zollner assumes 
the prominence-matter to have been erupted, the velocity 
must have been far greater. If we also take into account 

* It vilt be known to maoy of mj rtadctv that ihe theor; is b; no neuM 



,.,.d,i. Google 



CONSIDERATIONS RE8PECTIN0 THB COBONA. 217 

the effect of the reeiatance which is undoubtedly encoun- 
tered by the erupted gas during its flight, we have to add 
even more largely to the initial velocity. It is scarcely 
conceivable, all such considerations being duly weighed, that 
the initial velocity can be less than 300 miles per second ; 
and it is far from inconceivable that the initial velocity may 
be two or three times as great. 

So far, be it remembered, we have been dealing with 
known facta ; and the only way of avoiding the general con- 
clusion above indicated, is by rejecting the supposition that 
prominences are phenomena of eruption. This will scarcely 
be r^arded, however, as pumiBsible, in the face of the rea- 
soning of Zollner and Respighi, and tlie evidence which they 
have adduced in its support. And besides we have inde- 
pendent means of knowing that {mtside the photosphere 
velocities occur which are comparable with those above 
referred to. I may cite, for instance, the motion of the 
bright points watched by Cariington and Hodgson in 1859, 
as well as the spectroscopic measurements of the velocity 
with which portions of the solar atmosphere are at times 
endowed. 

Now, if velocities such as I have spoken of are produced 
by eruptive action exerted for beneath the photosphere, then 
there can be no question that any material erupted with the 
glowing hydrogen, and of considerably greater density, would 
retain, when passing the level of the photosphere, a much 
greater proportion of the velocity initially imparted. For 
example, instead of the velocity of 200 miles per second 
with which the matter of Beapigbi's great prominence must 
have crossed the photospheric level (to attain its observed 
height), any solid, liquid, or even dense gaseous matter flung 
out with the glowing hydrogen of that prominence, would 
probably retain a velocity of — say — 240 miles per hour. In 
such a case it would reach a height exceeding that indicated by 
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the greatest esteneion of the radiatioDS observed in Decem- 
ber 1S70. A velocity (at the photo&pheric lovel) only ooe' 
half greater than this would, indeed, suffice to cany a body 
to a distance from the Sun equalling our Earth's. A velocity 
twice as great as that of the prominence-matter at the photo- 
spheric level, would carry a body for ever away firom the Sun, 
never to have its velocity reduced to leas than 125 miles* pet 
second, even when it Ind passed away to stellar distances. 

But certainly the theory that a large proportion ^ th« 
coronal light is due to matter erupted from the Sun, is one 
vAieh wMikl fe qnii e very strong evideoce to render it 
acceptable. We have seen that the appearance present«d 
by the inner and outer corona and the observed asBociation 
between those regions and the sierra, lead directly to the 
theory that the corona is a phenomenon of eruption ; and 
undoubtedly this theory is the one naturally suggested by 
the photographic views of the corona in this and the last 
eclipse, as well as by the drawings and descriptions of the 
corona as seen in preceding eclipses. It is impossible, for 
instance, to look either at the drawing made by Mr. Oilman 
of the eclipse of 1869, or at the very remarkable (and most 
strongly attested) picture of the corona as seen during the 
eclipse of 1868 at Mantavaloc-Kekee, without being im- 
pressed with the feeling that we have here pictures of ernp- 
tional phenomena. Still, all such natural and obvious 
conclusions are to be regarded by the true student of science 
with great distrust, and to be analysed with exceeding care, 
the natural senses being of all bis faculties those which are 
most likely to lead the theoriser astray. 

" The Telocity here spoken of is one of *00 milea per Becond ; the least 
velocity required to mttj a body altogether away from the Sun, ia at the 
photoapheric level, 3B0 mites (more exactly 378) per second. The Telocity of 
a body which cioasod ihe phojoephnrio level at the fonner rate, would at «n 
ioflnite, or practically infinite diatance, be reduced to V (400)>-(380)», at 
about 12a miles pei tteoad. 
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It will be weH then to inquire whether the somewhat 
atATtling theory here dealt with is confirmed or disproved 
by BUcb tests as we can at prmeot apply to it. 

The first and most obvious test is the examination of tbd 
photographic records, to see if any signs of the action of 
eruptive forces can be detected in the corona. Here I am 
disposed to lay great stress on tb« examination of the 
original negative of Mr. Brothers's best picture, Fig. 14, and 
it was with some interest that I availed myself of hla fciad 
permission to ecrutinise it. The evidence it supplies is such 
as none of the positives supply, such an no artist perhaps 
eould reproduce. It is such as to suggest in the strongest 
possible manner that the coronal radiations are phenomena 
of eruption. I was pleased to find, when I mentioned this 
view to Mr. Brothers, that Mr. Baxendell, of Manchester, 
had expressed preciRely the same opinion of this remarkable 
record.* The appearances referred to are such as to show 
that some pictures of the corona as seen under exceptionally 
iavourable conditions, are not, as has .been commonly sup* 
posed, altogether ideaUzed and in fact unwarranted, but 
merely represent with exaggerated distinctness features 
which have a real existence. This remark applies, for in- 
stance, to that remarkable drawing by Liais, of the eclipse 
of 1858, a copy of which appears at p. 326 of my treatise on 
the Sun, as also, though in a less degree (the exaggeration 
being in these instances less marked), to the picture by 
Feilitsch (p. 330), and that of the corona as seen at Manta- 
waloc-Kekee in 1868 (p. 334). As respects this last eclipse 

• I Tantiire to eiprew heCB my feeling tlmt it is of the ntmott impoHAnce 
tbst the sridence given by this pboMgcaph should ba exhibited as fully u 
poa8ible~ii] the report of the eclipee — even though it should appear that 
this could onl7 be dona at considerable «o«l. The extreme delicacy of details 
is such that nothing bnt the perfection of engraTing can ptopeilj exhibit their 
natore. Bnt I do not hesitate to say that if thfy can be reproduced they woold 
he iuraluable, in the present Mate of our knowledge respecting the corona. 
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I would invite speciat attention to the aoooimt given by 
Mr. Pope Hennessey, who observed at a station near Labuan. 
The luminous ring round the Moon ' was composed,' he says^ 
' of a multitude of rays <{uite irregular in length and in 
direction ; fzom the upper and lower parte they extended 
in bands to a distance of more than twice the diameter of 
the Sun. Other bands appeared to &11 towards one side ; 
but there was no regularity, for bands near them fell away 
apparently towards the other side. When I caUed attention 
to this, Lieut. Bay aaid, " Yes, I see them ; they are like 
horses' tails ; " and th^ certainly resembled masses of 
luminous hair in complete disorder.' (The r«uler will be 
reminded here of the appearances resembling hanks of thread 
in disorder, seen during the eclipse of 1842.) The account 
is Accompanied by a drawing precisely resembling sach a 
drawing as I should make if I were to tiy to represent what 
I saw in Mr. Brothers's negative. 

But now, leaving on one side the peculiar forms of the 
bonds and rays, I would note that as to the existence of fine 
rays in the structure of the corona close by the Sun's limb, 
we have other evidence of a very striking nature. I refer 
to Mr. G-ilman's picture in the report of the eclipse of 1869. 
In the letter from Sir John Herschel, read by Mr. Brothers 
at the March meeting of the Astronomical Society, thereoccucs 
this passage, referring to Mr. Brothers's jdiotograph : — ' I see 
nothing which gives me the idea of rays, or streaky radiation, 
such as appear in Oilman's picture, which, if it eould be 
believed, would point to lunar mooutains as the origin of the 
dark spaces, and bring the whole phenomenon within the di»> 
tance of the lunar orbit.' Now we have seen that Mr. Brothers's 
negative does show precisely such rays, and f^bermore Mr. 
Gilman's narrative is far too distinct, as is also that of Mr. . 
Farrell, who observed with him, to leave any doubt as to the 
reality of the phenomenon. * The corona,' says Mr. Gilman, 
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* was composed of an infinitade of fine violet, mauTe-coloured, 
vhite, and yellowiBli-white rays, iesuing from behind the 
Moon.' The corona ' looked,' says Mr. Farrell, ' as if it was 
the product of countlesa fine jeta of Bt«am iBsoing from 
behind a dark globe.' We cannot reject such testimony as 
tiiis, coming from undoubtedly competent observers, and 
altogether inexplicable ae due to mere illusion. Whatever 
conclusions this observation (as well aa Mr. Pope Hennessey's, 
Lieut. Bay's, and the photographic negative) may seem to 
point to, must unquestionably be examined with attention. 
But the lunar explanation was not only negatived by the 
evidence obtained during the recent eclipse, but is completely 
disposed of by the considerations I adduced in the paper 
on Oudemann's Theory, p. 99. I have since had occasion 
to submit those considerations to Sir John Herschel, leaving 
him to judge of their weight, and he replied at once that, 
as I urged, any illumination derived &om cosmieal dust on 
this side of the Moon would be altogether lost in the illu- 
mination derived &om the cosmieal dust lying beyond, up 
to, and past the Sun's place. But it will he seen, at once, 
that the theory which regards the corona as a phenomenon 
of eruption, requires that these ' coimtless fine jets,' &c« 
should be seen, whenever the corona is viewed under ex- 
ceptionally favourable conditions. The rush of matter can- 
not be conceived a8,taking place otherwise than in countless 
exceedingly fine jets, in jets corresponding perhaps in 
nimiher to the countless minute prominences which produce 
the Herra. And in passing it must be noted that the 
actual quantity of erupted matter must be regarded as in- 
conceivably minute by comparison with the Bun's mass, inso> 
much that the whole amount of matter present at any one 
moment in the corona (so far as this cause is concerned) 
might be outweighed by one of the least among the asteroids. 
But it may now be well to remove certain difficulties 
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which preseot themselves when the etartling theory we are 
dealing with is carefully considered, — or rather it remains 
to be shown that the considerations on which such difficulties 
are founded tend in reality to afford striking evidence in 
favour of the theory. 

In the first place, it will seem highly probable that some 
at least of the matter flung out &om the Sun would have 
such velocities as I have referred to above as surpassing 
those required either to reach the Earth, or even to carry 
jnatter away altogether from the Sun's control. In this case, 
it would follow: — 1st, that some of the erupted matter 
would from time to time salute our E^rth ; and, 2ndly, since 
other stars are suns like our own and may be presumed to 
behave in a similar manner — that matter erupted from the 
stars might cross the interatellar spaces and visit our own 
system. 

Now regarding the empt«d matter as, after cooling, me- 
teoric in nature, it would undoubtedly follow from the first 
of these results, that more meteors should fall in the day- 
time than at night. For the night hemisphere of the Earth 
would be saluted only by meteors not belonging to these 
fiolai eruptions. In the daytime solar meteors (if one may 
so term them) would be added, since meteors arriving from 
*he Sun must needs fall on the hemisphere turned towards 
:him at the moment of the arrival ; there would be a pr&-- 
ponderaoce, then, in favour of day-falls. Now the only class 
of meteors we can make comparison by, is the class of 
aerolites, since the fall of these only can he recognised in 
the day-time. And it is a fact, according to the testimony 
of Humboldt, Heis, and otliers, that these aerolites fall, 
on the whole, somewhat oftener in the day time than at 
night. 

But, if some meteors ejected in this way from stars should 
reach our system, we should expect that tliey would exhibit 
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'some signs of having been expelled vith a velocitj exceed- 
ing that barelj necessary to cany tbem away frOm ibeir 
jpai-ent sun. In other words, we should expect that aOTue 
meteors would exhibit velocities exceeding those which the 
Sun can impart to masses drawn by bim from outer space. 
Now it has been a source of grave perplexity to all who have 
studied the details of meteoric astronomy that some meteors 
do actually traverse our atmosphere with a velocity exceed- 
ing by many miles per second that which .tliey could possibly 
have, even' though after having been drawn by the Sun from 
an infinite distance, they encountered the Earth full tilt at 
the moment when she was in perihelion. This velocity cannot 
exceed 45 miles • per second, whereas we have satisfactory 

* In soch an ioqair; the effect due to the Earth'e rotAtioD, as aUo th&t da« 
to her own ettisctiOD upon the meteors, may safBljbeocgleet^d 1^ compariaoQ 
vith the much greater velocitiel of the meteor and of the Earth in perihelion, 
which we add to obtain the meteors' apparent or relalive Telocity. But it 
might )e«ni ae thoafi;h, in some cases, the outer planets, and especially Jupiter, 
might impHTt an additional velocity to meteors psssing atia them on their my 
to the Earth, and that thus the obeeired excess might be aawunted for. Now, 
passing over the faat that only a few meteors hare arrired on such paths as 
would at all correspond with the imagined eiplnnation, the fallowing con- 
siderations wilt suffice to show that the effect which eTsn Jupiter would hare in 
increasing the velocity of a meteor is not snfficient to account for the observed 
velocities. (It will be obvious that Jupiter and Satum could not both act lo 
accelerate a meteor in the imagined way, unless is cases so eiceptiooal that not 
«De instance could occur ont of couutless millions of observed iuitnnces) :-~ 

Concaire that while a meteor apprmfhes the Snn from an infiaita diatance 
(I'.^.ia distance practically infinite) Jupiter is-at rest, in the line of the metcor'e 
course, at a distance J tityni the Sun ; and that at the moment the meteor is 
»bont to impinge on the surface of Jupiter, the planet is soddenly removed 
altogether away. Theo in this imaginary case, it is obvious that Jupiter would 
produce a moch greater effect than he can by any possibility produce in increas- 
ing tb« velocities of meteoric bodies. Kow it is easy to determine what would 
b« the velocity of a nrstaor, subject to the imagined influence, when it subse- 
qoently crossed the Earth's orbit. The equation of motion before the meleot 
nailed Jnjnter's place would be 

Where ti, is the attractive force of the Sun's mass at a anit of distanee, ft that 
of Jupiter's. We get, then, 

\dl/ X |.*-J)' 
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evidence of meteoric velocities of 70, and even up to 80 
miles per secoDd. 

C °i 0, »nd patting j tat tb* ndiiu of Jnpitor, the velocity (v) of tlie metaor 
jn«t M it i« ftboat to (each the nir&ee of Jupiter )■ giren by the equetioii, 

Tlie eqnfttion of the Bubpsqnent motion if 



m- 



»'-C+ 



■olhst 

and thentbrs 
hence (i) beoomsi 






g>i. 2w 



Now in the cue of s mstsor eroatiiig the Eftrth'a orbit, after being brought 
b; solar influence alone from inflnitj, the Telocitj would be giTen b; ths 



when fbr > wai mbBtitutod tbe ndiua of the Earth'a orbit We know that thia 
velod^ is about 35-7 miles per aeeood. And agun, ii la ea^ h> calculate the 
value of — ^ which ia, in fact, the expreaeion fbr the iqnare of the velodtj 

with which a body approaching Japiter under hia aole infloence frtnn infinity 
would readi hia aurface. Thit is aaaitj shown to ba mtber leM than fortymilea 
per second. Hence (ii) becomes 

•'''(8S-7)» + (*0)' 
whence e ia aboat 47} milea per aecond. Thia ia a eonaideniblg ineiease, but 
when combined with the Earth's perihelion velocity of 18} mikes per aocond, it 
smounta to but 66 milea per second, and therefore atiU lalU consideiablj abort 
of authenticated meteoric velodtiea. But it need haidlj be said that the actn^ 
influence of Jninter can never approach in value that above eetimated on aa 
imaginacj hypothesis , 

It ia worth; of notice, and has an inportant bearing on meteoric aatronomy, 
that thp passible influence of Jupiter in increasing the Telocity of bodice vhidi 
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WhcD we remember also the obaerved association between 
certain meteoric systems and comets, similar evidence will 
be recognised in the hyperbolic figure of some cometio 
orbits, since no comet approaching the Sun can possibly be 
caused to travel in a hyperbolic orbit by his attractive in- 
fluence alone. The hyperbolic figure is proof positive that 
comets whose orbit« exhibit that figure have entered the 
domain of our Sun with considerable velocities imparted to 
them in some as yet unascertained way. As such a comet 
necessarily passes away &om the domain of some other star 
with such velocity, it follows that neither has such other 
star by its attractive powers generated the whole of the 
comet's velocity. And as there is no limit to the applica- 
tion of such considerations, there seems no other way of 
explaining the interstellar velocities of the comets which 
have hyperbolic orbits than by tracing back their course 
to the moment when their substance was ejected irom some 
star with a velocity exceeding, by many miles per second, 
that with which a body would reach that star if attracted 
from an infinite distance by the star's sole influence. Granted 
that hyperbolic orbits exist, it is unquestionable that they 
are not due to the stellar attractions, however perfectly the 

hars appnacbed the Sqd'i surface &am eaonnoui dllliuu!«8 is tilj much less ; 
for equation (ii) becomes in this ease 

ti'-(878)' + (40)' 
whence n is about 382, corresponding to an increase of but three miles per 

[The following formnla U convenient for comparing the maximum »olocity 
with vhich a body moring trom infinity would reach the nirfsce of eilhir of 
two globes under their sole inSuence reepectifeiy. Let the radius of one be E, 
and its mean speciflc graritj Ci ; the radius of the other rand its mean specific 
gtarity Ct ; the respective maiinum velocities being V and v. Then 
-^ — -— ?. The same lelation holds if V and it be the velocities acquired in 

ftlling to>m heights U and h reepectivelj, whereto—. ] 
A r J 
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motion of a comet in such an orbit corresponds, as we know, 
with the t"heory of gravitation.* 

It would follow, if meteors or some meteors were star- 
espelled bodies, that their constitution, when examined 
microscopically or under chemical analysis, would exhiHt 
some traces of their origin. In Fart II. of this paper I 
propose to cooeider the very etrikint; evidence we have on 
this point. I shall touch also on some other evidence in 
favour of the theory here dealt with — a theory which, starts 
ling as it appears, seems yet to accord, better than any 
other, vrith what is at present known respecting the Corona. 

3/onlUy tfotieft 0/ tie Royal Atlnmomieat Saeitti/ for April 1871. 



II. 

Befobe entering upon the consideration of the remaining 
portion of my subject, I propose briefly to discuss some 
questions which have been raised since the former part was 
written. I refer in particular to the meteoric theory of the 
Corona — that is, the theory that a large proportion of the 
light of the Corona is due to the existence of countless hosts 
of meteors in the Sun's neighbourhood. I have mentioned 
already my belief that I had somewhat exaggerated the share 
which must be assigned to meteoric systems in accounting for 
coronal phenomena.! But this admission must not be un- 



* Wa may enppoae, indeed, tbst id some tvw initnncee (i.«. reUtivnly tew), 
p]Mieti like Jupiter iind SaCnm ma; have given to parabolic eonetic orbiu a 
hTperbolic ftgan ; bat it smdu BoiTCely sdmiMibie to (appose tb*t this iM 
otbenriw Uiao eiceptioDal. 

t In > paper b; Frot C. A. Yonng. of America, nititled ■ Note od the Spec- 
trum of the Corona,' (one of a seriee of hi^^j loggeetiTe and Talnable con- 
tributions to the theoF; of the eabject), he eaja, > Although I am not able to 
admit with Mr. Proctor that the whole eiplaaation of the Corona is inrolred 
in tlie presence of each meteoric particlea, jet k cannot be doubted that tbej 
are veiy namerone ; and any tbat may come irithin 250,000 uulee of the solar 
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deratood as having any reference whatever to opinions which 
I have publicly expressed. On the contrary, all my state- 
ments respecting the competence of the meteoric theory to 
account for the phenomena of the Corona, have been so 
guarded that I find nothing in them to modiiy. In speak- 
ing of & change of opinion, I have referred only to that 
view of the subject which I had been disposed to entertain 
in my own mind, not to any opinionB which I had definitely 
enunciated. But I am. not coneemed at preaeot to indicate 
how far, or bow little, my own opinions have changed. Ob- 
jections have recently been raised which would tend, if 
admitted, to invalidate the meteoric theory altc^ether as a 
means of explaining any portron of the coronal phenomena. 

iotfitM mnat become incandMeeiit,' Sk. I Mnoot ramemlMr baviiig od an; 
oocaaioD asserted tb&t the wAdI» eipluiation of the OoronA is inTolTed in the 
«x[st«iiee of met^ric sjatems nenr the Sun. I coulr] qnote manj pnssagea im- 
plying ihitt I bold the contrary opinion. 1 imtj hxre vritlea at. times abouc 
the meteoric eiplanatioa as fouaded on a vera cauia withoot discDBsing olh«r 
twr<* eoufie ; but it is not, therefore, bi be inferred that I bwca doubled the 
redlitj of these otheri. I would notice in. partiinlar that I hare alwajs b«liere<l 
in the atmospheric nature of a portion of the light Been around the Sun during 
totalitf—eren at the middle of the totality. In the paper on the Salat Corona 
and Zadiacat Light, I note tliat the illunjnation of our atmosphere by the light of 
the promiuences and sierra should rasult ia ' a faint diffiised light diminiahing 
towards the neighbonrhood of the Moon,' and ' extending over the Moon's disc 
(since it would i11aininat« the air between Che observer ajid the Moon's body).' 
I need haidlj obaerre that the same obTions reasoning which showed me that 
the prominences and sierra mnst produce this kind of illumination, wnrinced 
me also that the not solar Corona (extending beyond the highest promiMncra) 
must be added to the causes of thia atmospherii: illuminatiou; butinapaprr 
written ezp^Bsly to show that there if such a solar Corona, 1 was not tree to 
assume in the opening pamgtaphB the very point I sought to prore. As surely 
as the fiubility of the prominences and eiena implies the ezisWnce of an 
atmospheric halo doe to their light, so surely the risibility of a real solar 
Corona implies the risibility of an atmospheric h«la due to the light oF that 
Corona. That kollt haloes are very flunt compared' with the real solar Corona 
foUowt from the reasoning given ia the abore-mentionsd paper (pp. I77-13n. 
that is (as Praf. Toung and Dr. Bilfonr Stew,irt have since seTerallv 
shown) fiom the darkBees of ths Moon's disc during totality, and from the 
^ntoeas of the oidinary glare round the Sun by comparisoii wi;h tha light ot 
the solar disc 

a2 
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These objections must be dealt with here, because they touch 
the very basia of the theory I am now considering. I refer 
to those remarks in Sir W. Thomson's able address at the 
meeting of the British Association in Edinburgh, in which 
he referred to the opinions he had once entertained respect-, 
ing the meteoric origin of the solar heat. 

The meteoric theory of the solar heat-supply cannot be 
regarded as demonstrated, or even (considered as the sole 
source of the solar heat) as demonstrable ; nor am I here 
anxious to support it in any way. But it is important to 
notice that the meteoric theory advanced and eventually 
abandoned by Sir W. Thomson is not the theory to which 
recent astronomical discoveries have pointed ; nor can the 
reasoning which Sir W. Thomson has advanced as demon- 
strative against bis own theory be iirged with equal force 
(if with any force at all) against those views as to meteoric 
matter in the Sun's neighbourhood, which could alone be 
now advocated by the student of meteoric astronomy. It 
must be remembered that Sir W. Thomson's theory related 
to meteors circling chiefly within the orbit of the earth, and 
he was led to abandon it ' because Leverrier's researches on 
the motion of the planet Mercury, though giving evidence 
of a sensible influence attributable to matter circulating as 
a great number of small planets within Mercury's orbit, 
showed that the amotmt of matter which could possibly be 
assumed to circulate at any considerable distance from the 
Sun must be very small ; ' therefore, 'if the meteoric influx 
taking place at present is enough to produce any appreciable 
portion of the heat radiated away, it must be supposed to be 
from matter circulating round the Sun within veiy short 
distances of his surface. The density of this meteoric cloud 
would have to be supposed so great that comets could scarcely 
have escaped, as comets actually have escaped, showing no 
discoverable efl^ects of resistance, after passing his surface 
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vithin a dietance equal to one-eighth ' of his radius.' But 
recent diecoveries respecting meteors point to a totally dif- 
ferent Bolution of the difficulty here considered. We are 
neither bound to show that the greater part of the meteoric 
matter available for the purpose in question is at any time 
present within the Earth's orbit, nor that the matter which is 
at any time bo placed (or rather at a less distance from the 
Sun than our Earth) is the same matter which is similarly 
circumstanced at another lime. All that we know respect* 
ing meteor-systems teaches us to regard them as, for the 
most part, travelling in very eccentric orbits, only a small 
part of each orbit lying at a less distance than the Earth &om 
the Sun, and therefore only a small portion of each ^stem 
being at any time nearer to the San than the Earth is. And 
further, we have every reason for believing that only a very 
small proportion of the meteoric systems travel near to the 
plane of the Earth's orbit. Among the meteoric orbits there 
is every variety of incUuation ; and therefore we hfive not 
to deal with matter which is collected in or near the plane 
of the ecliptic, but with matter completely enveloping the 
Sun on all sides. It is not a disc or very flat spheroid, but 
a sphere of meteoric matter, that we are coneemed with in 
considering those portions of such matter which lie nearer 
to the Sun than our Earth does. It needs but a slight ac- 
quaintance with the laws of planetary motion to see that 
neither the motion of the Earth (and the inappreciable 
change in the length of the year), noi the motion of Mer- 
cury (and the slowness of the change in the position of his 
perihelion), can afford such significant evidence respecting 
the quantity of meteoric matter existing within given dis- 
tances of the Sun, as was formerly supposed. 

In like manner, another objection which Sir W. Thomson 

• It Bhonld bs, I tODceiva, ' one-Ji/lh' the comet referred to being tbU of the 
year 1813. 
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has urged against hie former views loses much of its force 
when considered with reference to accepted meteoric theories. 
'Spectrum analysis,' says Sir W. Tbomson, 'gives proof 
finally conclusive against the hypothesis that the Sun's heat 
is supplied dynamically from year to year by the infiuz of 
meteors. Each meteor circulating round the Sun must fell 
in along a very gradual spiral path, and before reaching the 
Sun must have been for a long time exposed to an enormous 
heating effect from his radiation when very near, and must 
thus have teen driven into vapour before actually falling 
upon the Sun. Thus, if Mayer's hypothesis is correct, friction 
between vortices of meteoric vapours and the Sun's atmo- 
sphere must be ihe immediate cause of solar beat ; and the 
velocity with which these vapours circulate round the equa- 
torial parts of the Sun must amount to 435 kilometres per 
second. The spectrum test of velocity applied by Lockyer 
showed but a twentieth part of this amount as the greatest 
observed relative velocity between different vapours in the 
Sun's atmosphere.' 

Now if this objection is sound as against the meteoric theory 
of the solar-heat supply, it is sound also as against the very 
existence of meteoric systems close to the Sun, a conclusion 
which very few will be disposed to admit after what has re- 
cently been discovered respecting meteors and comets. But 
I apprehend that the objection is obviated by precisely the 
same reasoning which is valid against the former objection. 
Undoubtedly if meteoric matter came in vertically around the 
equatorial parts of the Sun and in the direction of planetary 
motion, we might possibly expect to find some spectroxcopic 
evidence of the existence of their vaporous substance, moving 
as it would with a velocity exceeding more than 200 times 
that due to the Sun's rotation. Even in this case it would 
appear venturesome to assert that the want of such evidence 
was ' proof finally conclusive against ' the existence of the 
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meteoric vortices. For the meteoric matter being brought 
to rest (relatively to the Sun) by friction, there must be all 
possible rates of motion between 240 miles per second and 
rest with respect to the Sun's globe. The bright lines due 
to the vaporous meteors would therefore be widened so as 
to cover the space between their normal position and the 
positions due to the maximum velocity of 240 miles per 
second. That thus widened, and proportionately faint, they 
would be discernible as bright lines on the bright back- 
ground of the solar spectrum, may be gravely doubted ; that 
they must be so discernible may be safely denied. But the 
actual circumstances are very different even &om those here 
considered. All the evidence recently obtained respecting 
meteors tends to show that those which approach the Sun 
neither ' travel around his equatorial parte,' nor move on a 
direct course, nor with a velocity that can be definitely as- 
signed. Our Earth encounters more than 100 meteor-systems 
(according to the observations of Heis, Alexander Herschel, 
and others); and though none of these systems probably pass 
near the Sun, yet we can infer from them what must be the 
characteristics of the millions on millions of meteoric systems 
which (according to all reasonable probability) belong to the 
solar system. We must conclude, then, that the systems which 
pass near the Sun are inclined in all possible directions to 
the solar equator, have every possible degree of eccentricity 
(and, therefore, every degree of velocity between 240 and 
379 miles per second), and travel both in direct and retro- 
grade courses. That the spectroscope would afford any evi- 
dence of the existence of these multiEatious forms and 
degrees of motion, existing in systems which probably 
include every variety of elementary constitution, and further 
modified by the effects of frictional resistance, so that every 
velocity down to relative rest must be included among the 
meteoric movements, is utterly improbable, to say the 
least. 
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It will be understood that if the objections here con- 
sidered were valid, they would affect the theory that the Sun 
expels meteoric matter irom Mb interior, ae fatally as the 
general theory that meteoric eyetemsare circulating in count- 
lesB myriads around the Sun's globe. For the Sun is but one 
among the unnnmbered millions of suns which exist through- 
out space ; and if our Sun expels meteoric matter, it must be 
inferred that the stars act in like manner. And objections 
againsit the existence of meteoric systems around the Sun — 
which cannot possibly be sun-expelled— would be objections 
against star-expelled meteors, and bo inferentially against 
the expulsion of meteoric matter from the Sun. It is on this 
account that I have thought it necessary to consider the 
objections dealt with above. 

If any of the meteors which reach our Earth have really 
been expelled either from our own Sun or from his feUow- 
suns, we might expect that their structure, as well micro- 
scopic as chemical, would exhibit some signs of the circmn- 
stancea under which the^e bodies had their origin. 

Now as respects the microscopic structure of meteors, 
although we have much interesting information, and though 
some facte are known which seem scarcely explicable save 
on the strange theory I am considering, yet it must be ad- 
mitted that there is much that is perplexing. Since I wrote 
the first part of this paper, I have had the opportunity of 
inspecting a large number of Mr. Sorb/s singularly beau- 
tiful specimens, with his own instruments, and with the 
advantage of his own unrivalled experience to explain those 
facts which otherwise would have had little meaning for me. 
He also kindly gave me copies of all his papers on the sub- 
ject, and these I have carefully studied. Space will not 
permit me to discuss here the various facts on which Mr. 
Sorby's reasoning and his (hypothetical) conclusions have 
been based. It must suffice for me to state that, while there 
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remain many sourcee of perplexity in every part of the 
subject, he still considers the general conclusion which he 
published in 1864 as the most probable, and that, in fact, 
no other eeems available. How far this conclusion is in 
accordance with the theory we are upon, the reader shall 
judge. 'The most remote condition of which we have 
positive evidence,' he wrote in 1864, 'was that of small 
detached melted glohiiles," the formation of which cannot 
be explained in a satisfactory manner, except by supposing 
that their constituents were originally in the state of vapour 
as they exist in the San.' He found evidence that the 
meteors had been in the state of vapour while under enor- 
mous pressure, and 'in mountain masses.' It certainly 
seems difiBcult to understand where and how the sub- 
stance of meteors could have been in this state, save within 
an orb as intensely heated and as vast as our Sun and his 
fellow-suns. 

The evidence from the chemical structure of meteors is 
even more striking. 

If we consider the circumstances under which the meteors 
are supposed (according to this theory) to be expelled from 
the Sun or stars, and remark the evidence we have respect- 
ing the existence of hydrogen in other suns than ours, we 
shall see the probability that some among the meteors which 
reach us would show signs of having been once surrounded 
by intensely hot hydrogen, existing at an inconceivably vast 
pressure. For iron, which is so frequently present in 
meteoric masses, if solidified under such conditions, would 
condense within its substance a considerable proportion of 

* It mny be added thnt Pnif. SCohBt considers the pnlariecopic obsfrvatiooB 
of the Corona to indicate the preseDce of minate ciyHlale of metal, tniTelling 
radUllj from the 3ud. Mr. Ranyard has shown aleo that the poliirixcopic 
obeeiratioDi of the (odiacal light imply not oaiy that the light ie due to the 
reflection of toUr light, bnt that the matter nflectiog such light either exists 
ID particles so small that their diamsteis are comparable with ibe wava-lengtbti 
of iig^t, or else that nieh matter is capable of giving specular reflection. 
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hydrogen. Now, we have evidence on excellent authority 
that meteoric iron containa a larger amount of occluded 
hydrogen than malleable iron can be impr^nated with. 
The late Professor Graham examined a piece of the Lenarto 
meteor, constituted, according to Werle'e analysis, of 
90-883 parta of iron, 8*450 parts of nickel, 0*665 of cobalt, 
and 0*002 of copper. When a volume of 5*78 cubic centi- 
metres of this iron was heated to redness, 'gas came off 
rather ireely; namely, in 35 minutes 5*38 cubic centi- 
metres, in the next 100 minutes 9*52, and in the next 20 
minutes 1*63 cubic centimetres ;' in all, in rather more than 
2^ hours, no less than 16'53 centimetres, or about three times 
the volume of the iron itselfl ' The first portion of the gas 
collected had a slight odour,' says Professor Graham ;• ' but 
much less than the natural gases occluded by ordinary iron. 
It did not contain a trace of carbonic acid.' The second 
portion of the gas collected (consisting of 9-52 cubic centi- 
metres) gave of hydrogen 85*68 parts per cent., the rest con- 
sisting of nitrogen and carbonic oxide. ' The Lenarto iron 
appears, therefore, to yield 2-85 times its volume of gas,' 
says Professor Graham, ' of which 86 per cent, nearly is 
hydrogen, the proportion of carbonic oxide being so low as 
4^ per cent.' But ' the gas occluded by iron from a car- 
bonaceous fire is very different, the prevailing gas then 
being carbonic oxide. For comparison, a quantity of clean 
horseshoe nails was submitted to a similar distillation.* 
This iron gave 2-66 times its volume of gas ; the first por< 
tion collected contained only 35 per cent, of hydrogen, 
50-3 per cent, beipg carbonic oxide, 7*7 per cent, carbonic 
acid, and 7 per cent, nitrogen ; the second portion gave no 

* Not haTJng GraluuD'B original pspor by me, I quote theae passageB fram 
extracts ID Mr, Mattieu Williams' Fttei cf the Sun, where the theory of the ei- 
puliLon of meteon&oni the Son is eniuiciated and inpported— on erounda, hoT- 
erec, nut olva^a etiicUy in ftccocdance with dflumical principtea. 
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carbonic acid, but 58 per cent, of carbonic oxide, and only 
•21 per cent, of hydrogen. 

On these results Professor Graham reason^ aa follows : — ■ 
' It has been found difficult to impregnate malleable iroa 
with more than an equal volume of hydrogen under the 
pressure of our atmosphere. Now, the meteoric iron (thia 
I^enarto iron is remarkably pure and malleable) gave up 
about three times that amount without being fully ex- 
hausted. The inference is that the meteorite had been 
extruded from a dense atmosphere of hydrogen gas, for 
which we must look beyond the light cometary matter 
Boating about within the limits of our solar system. . . . 
Hydrogen has been recognised in the spectrum analysis of 
the light of the fixed stars by Messrs. Huggins and Miller. 
The same gas constitutes, according to the wide researches 
of Father Secchi, the principal element of a numerous class 
of stars, of which a LyrCB is the type. The iron of Lendrto 
has no doubt come from such an atmosphere, in which 
hydrogen gi'eatly prevailed. This meteorite may be looked 
upon aa holding imprisoned lidthin it, and bearing to 
us, the hydrogen of the stars.' 

Other circumstances relating to the Corona itself seem to 
require some nuch theory as that we are dealing with for 
their elucidation. 

The coronal spectrum, although not by any means iden- 
tical with the spectrum of the terrestrial aurora, shows yet 
such a resemblance to this spectrum as to indicate that the 
corona is in part due to a perpetual solar aurora. Such at 
least is the theory to which many profound reasoners have 
been led by the study of the coronal spectrum. But a 
difficul'y had existed in determining how electrical action 
could be excited where we see the light of the Corona." 

* When Prof. Rejnolds «ihibited (at the Inbt mMtiog of the British Abso- 
eiation) th« Ter; beautiful elcctiini Coionii by which he illustiates the auronil 



,.,.d,i. Google 



236 ASTRONOMICAL SSSATS. 

The theory we have been dealing with would remove this 
difficulty, for the rueh of the erupted matter, even through 
the rare medium existing round the Sun, would produce pre- 
cisely the effect which the coron&l theory requires. The 
&ct that one of the lines of the coronal spectrum belong!! to 
the spectrum of iron may be regarded as supplying sub- 
sidiary evidence of some weight. 

I have already referred to the feet that under close tele- 
scopic scrutiny the Corona presents close by the Sun an 
appearance as though countless thousands of jets were issu- 
ing from the photosphere. But it may be asked whether 
any direct evidence of an outruah of matter has ever been 
obtained. It might well happen Uiat no such evidence was 
available ; for, as I have mentioned, the actual volume of 
the erupted matter must be supposed to bear but the 
minutest possible proportion to the volume of the pro- 
minences. The Bwift motion of the erupted matter would 
not tend, perhaps, to add to the difficulty of detection, 
because the effects of that motion at the Sun's distance 
would scarcely be appreciable, even in powerful telescopes. 
But it would be difficult to distinguish the erupted matter 
by its appearance, and as its light would give a continuous 
spectrum (owing to the enonuous compression of the issuing 
jets), it would be wholly impossible to detect the existence 
of this matter by spectroscoptc analysis. It may be ques- 

theoi7 ot Ihe Corona, Prof. Tait nmariud that thia thtory had be«n rejecUd 
by men of acienw. It h difficult b> ODdeistaod on what grounde thia remart: 
was funnded. 1 cannot Bnd that anj nun of science baa eipreaaed an opiaion 
adTerse to tbe auroral tbeorj. Dr. Balfour Stewart, 9ener»l Sabine, and other*, 
have ased argument* respecting the promiDeDces (before the nature of them 
was known) which maj now b« fairlj applied to the Corona, while Prof. Young 
of America, Prof. Bcjnoids and othera in England, and Mveral ContinenUil 
phjeicists, hare spoken fuToorablj of the auroral theory as directly applicable 
to the phenomena of the Corona. The noteworthy point ia not, howevBT, that 
there is Boch good authori^ in fiivonr of the theory, but that not one man of 
■cisnce hai definitely eipreased an opinion adferae to it. 
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tioned whether the brilliant flakee seen by Mr. Gilman in 
the large promiueDces visible during the eclipse of 1869 can 
be regarded aa in any way related to the subject we are 
upon. These flakes ' stood out,' he says, ' as if totally uncon- 
nected from the rest of the prominence.' But their size, as 
described and pictured by him, forbids us to believe that 
they could have been masses of erupted matter ; though it 
is by no means impossible that they may have been clusters 
of many such masses resulting from volleyed discharges. 

A phenomenon observed by Dr. Zollner seems less ques- 
tionably related to our subject. Observing the Sun on June 
27, 1869, he noticed that a» soon as he brought the slit of 
the spectroscope close to a certain part of the Sun's limb, 
where the ■promvaences were particularly long and bright, 
brilUant linear flashes passed through the whole length of 
the dull spectrum, over the limb of the Sun, about three or 
four minutes' distance &om the latter. * These Sashes,' he 
says, ' passed over the whole of the spectrum in the field of 
view, and became so intense at a certain point of the Sim's 
limb as to produce the impression of a series of electricul 
discharges rapidly succeeding one another, and passing 
through the whole spectrum in straight Unes. Mr. Vogel, 
who afterwards, for a short time, took part in these observa- 
tions, found the same phenomenon at a diSerent portion of 
the Sun's limb, where protvberancea aleo appeared.' Zollner 
remarks that ' the phenomenon can be explained by tlie 
hypothesis that small intensely incandescent bodies moving 
near the surface of the Sun emit rays of all degrees of 
refrangibility, and produce flashes of a thread-like spectrum 
as their image passes before tiie slit of the spectroscope.' 

To these considerations may be added some which are 
connected with the aspect of the solar photosphere. For 
instance, the researches of De la fine, Stewart, and Loewy 
seem to prove that * the &cnlse of a spot have been uplifted 
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from the veiy area occupied by the spot, and have &lleD 
behind from being thrown up into a region where the 
velocity of rotation is greater,' This, of course, would cor- 
respond with what the theory we are considering would 
suggest. 'And it may be noticed' (here I quote from a 
paper of my own in 'Fraser's Magazine,' for April 1871) 
' that, regarding spot* as phenomena of eruption, that is, as 
beginning with eruption, we can find a reason for their 
occurrence being associated, as Mr. De la Rue and his col- 
leagues believe, with the relative proximity of the planet*. 
For eruptions and earthquakes on our own Earth, stable as 
its substance undoubtedly is l^ comparison with the Sun's, 
have been observed to occur more frequently when the Moon 
is in perigee ; and Sir John Herschel has explained the pre- 
dominance of active volcano and earthquake regions along 
Ehore-lines as depending on the seemingly inaigniticant 
changes due to tidal action. How much more, therefore, 
might v/e expect that the solar equilibrium would be dis- 
turbed by planetary action, when all that has been revealed 
respecting the Sim tends to show that the mightiest con- 
ceivable forces are alwa^ at work beneath his photosphere, 
one or other needing only (it may well be) the minutest assist- 
ance from without to gain a temporary masteiy over its rivals. 
And if, as recent observations tend to show, the mightiest 
of the planets sympathises with solar action ; if when the 
Sun is most disturbed the belts of Jupiter are also subject 
(ad of late and in IStiO) to strange phenomena of change; 
how readily do we find an explanation of what would other- 
wise seem so mysterious, when we remember that, as Jupiter 
disturbs the mighty mass of theSun, so the Sun wouJd recipro- 
cally disturb the mass of the largest of his attendant orbs.'" 
Monthly Notka a/ the Boyai Ailnmomieal Society for October 1871. 

* Since tlieM papen wva written, obwrrstioDi made hj Fstber Secchi, of 
Home, and Fnf. Young, of America, have gone fiir to demonBtiAta th» thnuy 
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hen dealt with. Father Secchi has found that the eruptiTe pramir 
confined to the eolar-spot lone, and also that in their anbetance there a 
metallic elements. Prof. Yonni; has witnessed an eraptton ia whii^ 
-wisps were carried from a height of 100.000 milaa to a height of i 
200,000 mitea in ten minDteB ; the calculated time for a projectili 
tr»versiDg this dietacff and brought to rest at a height of 200,000 m 
25' fiS". Hence the relardjition of the hfdn^n must be enormOdi 
acconnt of Prof. Yoong's obeervationa wlU he found in the second 
The Sun. 
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THE SUTS JOURNEY THROUGH SPACE. 

Few of the discoveries made by aetroDomers aire more Bur- 
prising than that of the Sun's motion through the celestial 
spaces. Followed by his trwn of attendants — planets, aste- 
roids, comets, and meteoric sy&tems — he is ever rushing 
onwards through space with a velocity of which the human 
ima<^ination is unable to form any adequate conception. 
Whether the vast orbit which he must in reality be pur- 
suing is of any regular figure, or rather consists of myriads 
of interlacing loops ; whether in the former case there is 
some vast central orb around which bis motions are directed, 
or whether the orbit is simply regulated by the gravity of 
the scheme of fixed stai-s, without any preponderant mass at 
the centre ; whether, in fine, the Sun is an attendant star, or 
is himself oue of the regulating orbs of the sidereal scheme 
—on all these points astronomy is as yet silent. Specula- 
tion has, indeed, suggested many interestiBg siumises, 
grounded on more or less probable evidence ; but as yet 
no theory founded on an exact examination of the results 
of systematic observation has been presented to the world. 
Nor is it likely that astronomers will quickly be able to sys- 
tematise the motions of the stars. The Copernicus of the 
sidereal system is not to be expected for many generations, 
perhaps not for thousands of years. Nay, if it befitted ua ta 
doubt after the achievements of our NewtODS and our Her- 
schels, we might fear that the great problem of co-ordinating 
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the motions of the fixed stars into a single scheme is one 
which it will never be given to the human race to triumph 
over. 

What has already heen done, however, is well worthy of 
careful study. Id fact, it may be doubted whether the full 
complexity of the problem which has been solved by our 
astronomers has been thoroughly appreciated. I wish to 
exhibit the nature of the results which have been obtaioed, 
and then to discuss some peculiarities which, without in any 
sense throwing doubt upon the justice of the conclusions to 
which astronomers have arrived, yet serve (uidess I mistake) 
to prove in the clearest manner that the assumptions on 
which the problem of the Sun's motion has been solved 
require modification. The work of our astronomers 
resembles, in a sense, the famous work of Adams and 
Leverrier, when they spread forth the subtle webs of their 
analyses to capture the unseen planet whose influence had 
BO long been felt upon the outskirts of the solar system. 
Just as their assumptions respecting the mass and distance 
of the great unseen were incorrect, yet led to a correct 
result, so the assumptions on which our astronomers have 
founded their determination of the Sun's motion in space 
may be now shown, by means of that very determination, to 
have been wholly incorrect. 

Let us first rightly gmsp the nature of the problem which 
the elder Herschel set himself. 

He argued that if our Sun is moving through space, the 
efiiects of hie motion must generally be on this wise : — The 
stars in those regions of space towards which the Sun is 
moving must seem to ' open out,' precisely as the trees of a 
forest seem to ' open out' as we approach them. The stars 
in the opposite region must eeem to close in to a cor- 
responding extent. But the most marked effect must 
appear in the stars which are on or near the celestial circle 
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midway between these two regions. All such stars must be 
affecte^ by a ' backward drifi,' corresponding precisely in 
degree to the rate of the Sen's advance. 

It will be observed that hitherto the qneation of the stars' 
distance faa^ not been introduced. But it is clear that this 
question most affect to a most important extent the effect* 
of any definite solar motion. For anything that Herschel 
knew when he began his inquiry, the stars might be so far 
off that the Sun's motion, even though vast in itaelf, might 
produce absolutely no appreciable effect upon the position 
of the stars. Then again, supposing the first-magnitude 
stars, presumably the nearest, were affected in a certain 
degree by the Sun's motion, then the second-magnitude stars 
would be less affected, the third still less, and so on. Again, 
the stars regarded as suns resembling our own central 
luminary, might be expected to have their own motions 
through space, and it was nncertain before inquiry whether 
these motions might not be quite safGcient to mask the 
effects of the Sun's motion ; or, at any rate, the balance of 
effects might be so small as to render it very doubtful 
whether accident or a real motion of the Sun had been the 
cause of the slight apparent preponderance of motions in 
some definite direction. 

I mention all these circumstances that the reader may be 
able to appreciate the boldness of Herschel's genius in ven- 
turing to search, amidst so many conflicting evidences as he 
might expect to meet with, for that small residuum of 
motion on which he hoped to found the doctrine of the 
Sun's motion through the sidereal spaces. 

But yet more startling is it to find how slender was the 
stock of materials which Herschel had at his command. 
When we know that modem astronomers have examined the 
motions of hundreds of stars in dealing with the same pro- 
blem, it is amazing to think that Herschel should have 
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hoped to deduce iiom the motions of only seven stare a 
result of so much importance as that he wae in search of. 
It is yet more amazing to 6nd that he achieved a perfect 
success. He announced in 1783 that the Sun is advancing 
towards a point in the constellation Hercules. Even at the 
preeent day astronomers have not been able to say more, so 
far at least as the directioft of the Sun's motion is concerned. 
Every subsequent inquiry has (tzhibited the constellation 
Hercules, or its immediate neighbourhood, as including 
the point which astronomers call the ' apex of the sun's 
motion.' 

But this result— I mean the successful determination of 
the direction of the Sun's motion' from the consideration of 
only seven stars — is not only surprising ; it is highly signi- 
ficant. Let us at once accept ib in its full importance. It 
proves, not merely that the Sun has such a motion as 
Herscbel had suspected, but that! the Sun's motion must 
bear a very considerable proportion to the motions of the 
other stars in space. Had the Sun been one of those starn! 
which move very slowly compared with their fellow-orbs, 
there can be no doubt whatever that so rough and inexact 
a mode of inquiry could have revealed nothing respecting 
the direction in which the Sua is travelling. It is only by 
looking upon the Sun's motion as far from being the least 
rapid of the stellar joumeyings, that we can understand or 
appreciate Herschel's success. 

We shall presently see that this' fact is of the greatest 
significance in reference to the results which have rewarded 
later researches. 

Herschel's conclusions were not left unnoticed or un- 
challenged. So small, however, has been the number of 
those who have disputed the justice of Herschel's views, and 
80 thorough has been the vindication which those views 
have received at the hands of the ablest astronomers, that 
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we Deed not be at the pains to discuss the argumenb bj 
which a few mathematiciaiiB (I believe only two) have 
attempted to impugn the accuracy of Herachera con- 
clusions. 

At an early stage in the inquiiy it was felt that the re- 
lative distances of the stars must have an important bearing 
on the detennination of the actual nature of the Sun's 
proper motion. The general drift of the stars in a certain 
direction may be very significant evidence of the Sun's 
motion in tlie contrary direction. But if we wish to esti- 
mate the actual velocity with which the Sun is travelling, 
we must have clear conceptions on two very important 
points. We must determine the relation between the dis- 
tances of the brighter and fainter stars, ranging them in 
definite gradations of magnitude ; and, moreover, we must 
know the actual distance of several stars. 

On the last point astronomers have obtained satis&ctory 
results. There are, indeed, very few stars whose distances 
are known ; but several of these distances have been ascer- 
tained in a manner there is no disputing. Over and over 
again, for instance, has the distance of the leading brilliant 
in the Centaur (a famous double star) been determined ; and 
the results have always been closely accordant. Then there 
is the small star (Xo. 61) in the Swan, whose rapid apparent 
motions long since suggcHted to astronomers the idea of its 
proximity to our system. This star's distance has been 
measured by Bessel and Peters (by independent processes), 
and with satisfactorily accordant results. And several other 
stars might be named respecting whose distances very little 
doubt remains in the minds of our astronomers. 

But on the other point there has been a considerable 
variety of opinion. All i^ee that the fainter stars must 
be assumed to lie much farther away than Sirius, or Capella, 
or Arcturus, or Vega. But whether the relative distance is 
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satisfactorily indicated l^ the difference of brilliancy, or 
whether it would not be better, so far aa thei particular pro- 
blem we are dealing with ie concerned, to take the relative 
apparent Tnotions of the stare as affording the best criterion 
of their relative distancea, ia an important point on which 
astronomers have long been at issue. It is a Btngular cii^ 
cumstance that they have never (to the best of my know- 
ledge) thought of instituting a direct comparison between 
the evidence of the two criteria of distance. All that has 
been done is this. One class of astTonomers have arranged 
the stars into sets according to their apparent brilliancy, 
and, assigning a suitable mean distance to the stars of each 
set, have determined the Sun's motion on the strength of 
the evidence thus deduced. Another class of astronomers 
have arranged the stars into sets according to the magnitude 
of their apparent motions, and have determined the Sun's 
motion accordingly. . Now it has happened that the results 
of both processes have been coincident. Hence it has been 
assumed to be a matter of indifference which view is adopted, 
or rather it has been supposed that the relative motion of 
the stars must correspond pretty closely with their relative 
brilliancy ; otherwise there would be (it has been thought) 
no such accordance as has resulted from the use of either 
indication to determine the Sun's motion through space. I 
speak under correction, but I believe that no one has ever 
yet expressed any doubts on this point. As I have said, it 
does not seem to have occurred to any one to inquire 
whether the proper motions of the stars correspond with 
the distances which astronomers had deduced from the 
brightnesB of the stars of different magnitudes. To illus- 
trate the nature of the case, I may compare it to a trial 
carried on simultaneously in two different courts and leading 
to the same decision. In such a case (the trial being carried 
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on with closed doors) no one would be led to suspect that 
the evidence given in one court might possibly be wholly 
diflferent from that given in the other, or even that there 
might be abeolute incongruity between the two lines of 
evidence. Yet this might well be the case ; and the deci- 
sion, however just in itself, might thus be founded on false 
evidence in one or other, or even in both courts, I think I 
shall be able to show that the case certainly corresponds 
with this view in regard to the determination of the Sun's 
motion through space. 

The astronomers who have adopted the rule of estimating 
star-distances by brilliancy have assigned the following re- 
lative distances to stars of the first seven magnitudes : — 



lit BitgBitad« 



7th „ IISl 

Now it is perfectly clear that the greater the distance of 
an object in motion, the more slowly the object will appear 
to move. Just as the apparent dimensions of a man, for 
instance, are diminished by distance, bo also, if he is walking, 
will the apparent length of his steps be diminished. 

This being understood, it is cleajr that if we take the 
average proper motions of the stars of different magnitudes, 
we ought to find a close correspondence between the result 
and the above list of distances, if the brilliancy of a star 
afTords in reality a true test of its distance. Now, the mode 
of determining the true average in this case involves ma- 
.thematical considerations of some nicety. (See Appendix B.) 
Let it suffice, in this place, to exhibit results. 
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I find, tben, that the average proper motions of the stars 
belonging to the first seven magnitudes are as follong : 

lit magnitude W-99 

2Dd „ <l--21 

3rd „ ff'Sl 

4th „ 0"'24 

6th „ 0"JSO 

6th .. (r-22 

Tth „ , o"-30 

And if we estimate the stars' distances from this 
making as before the distance of the first-magnitude st 
unity, we get,* in place of the distances shown in th< 
table, the following : — 

1st magnitnde 100 

2nd „ J-71 

3rd „ 3-19 



Clearly this result is unsatisfactory. It is not mereh 
it differs altogether irom the former, but that it is abst 
itself. We cannot 'suppose stars of the second magi 
to be &rther away than stars of the third, fourth, fif 
sixth. Before proceeding, we must master this difficu 
possible. I think we can trace it to its source. Thi 
orders of stars contain but few representatives, com 
with the orders of the less brilliant stars. Thus the . 
list deals with only nine stars of the first magnitude 
only fifty-five of the second. It is clear that numbers 
as these are insufficient for our purpose, when once 
found that the old law of distance has to be abandonee 

Having thus detected the probable source of the ii 
larity, it is very easy to recognise the proper mode of 

■ For a fuller occooDt uf mj examinatiott of thi» subject, «w App«D 

n,g,t,.,.dDi. Google 



248 ASTRONOMICAL ESSATS. 

ing tbe difficulty. The queetion really is whether the &int 
stars are jjroportionately &r off. Let as then divide the 
stars into two classes, the £rst including all those which are 
visible in moderately bright moonlight — that is, stars of 
the first three magnitudes ; tbe second including tbe re- 
maining stars,* visible to the naked eye on a clear night 
when there is no moon. Such a teet as this mv^ result in 
exhibiting the relative average proximity of tbe brighter 
stars, if brightness is indeed any criterion of proximity. 
Here is the result : — 



So that, judged in this way, the stars of the smaller magni- 
tudes must be looked upon as actually nearer to us (though 
very slightly) than tbe brilliant orbs which form the most 
striking of our constellations. 

One cannot mistake the meaning of this result. Tbe 
near approach to equality obser\'ed between the numbers 
may be partly accidental. Had our first set included one 
more magnitude, indeed, there would have resulted no such 
close approach to equality ; but tbe yet more striking result 
of a markedly greater proper motion in tbe fainter set would 
have been noticed. If our first set bad included only the 
first two magnitudes, there would again have been no exact 
equality, while tbe preponderance of proper motion would 
have been (though but slightly) on the side of the brighter 



* It is Dot to b« DDdentood tbat tbe atura I am coneidering inclode all Omet 
of die nriou magutadea dralt vith. They a» taken from a litt of tb« pm- 
permotiotisQf 1,167 stars drawn up bjUt.Uain in 1864. Bat it is inpoitaiit 
lo notice that thow is no principle of selectioD io thi« list to Tiljate tJie fmoU 
of the process of axajninatioD referred to above. All etan belonging to certain 
eaCalognea have been ineloded by Mr. Main, whether their proper motions be 
great, or small, or eren oTaneaeenL 
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stars. About these niceties we need not concern ourselves. 
The great point is that it is established, on evidence which 
seems wholly irresistible, that the brilliancy of the stars is 
no satisfoctory criterion of proximity. 

This inquiry into the significance of stellar brilliancy 
may seem a digfression &om the subject of the Sun's motion 
in space. Biit it will presently be seen that the investiga- 
tion is an absolutely essential preliminary to our inquiry 
into the recent work of astronomers on the subject of the 
Sun's motion. 

I have mentioned that two methods had been made use 
of in determining the point in space towards which the Sun 
is moving. Bnt both these methods were applied to the 
stars' apparent motiona on the celeeOai vaiUt. Lately the 
Astronomer-Royal suggested a total change in the mode of 
treating the subject. He argued that the question should 
be looked at as having reference to the motions of the stars 
in space, not upon the surface of the imaginary celestial 
globe. And he showed, in his iisual lucid and masterly 
manner, bow the mathematical consideratione involved in 
the change of view must be dealt with. He also calcu- 
lated the formulee for determining in this new way the 
nature of the Sun's motion in space. These formulce 
would, of course, be out of place in a popular essay ; nor 
would it be easy to present the new mode of treating 
the subject without introducing considerations scarcely less 
unsuited to these pages. The mathematical reader will 
find Mr. Airy's able dissertation on the sul^ect in vol. 
xziv. of tbe * Memoirs of the Royal Astronomical Society.' 
The non-mathematical reader may accept the opinion of 
our leading astronomical authorities on the merits of this 
dissertation, as affording sufficient evidence of the justice 
and importance of the Astronomer-Royal's views. The 
chief circumstance to be noted, however, is tiiat the new 
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inquiry, though based on novel considerations and conducted 
in a novel manner, ;et led to precisely the same result as 
former researches. 

Not only was the original estimate of the direction of the 
Sun's motion confirmed, by the Astronomer-Royal, but the 
velocity with which the Sun is journeying through space 
came out from his figures and formuhe appreciably unchanged. 
Mr. Dunkin, of the Greenwich Observatory, to whose skill 
the Astronomer-Royal had entrusted the laborious and 
difficult processes involved in the application of the 
new method to 1,167 stars, remarks on this bead that the 
mean of the values obtained by Otto Strove and by himself 
differs so Uttle from either, that we may look upon it as 
fairly representing the annual motion of the Sun, * so far as 
any result can be obtained by the use of the apparent 
proper motions of the stars.' The Sun's velocity, according 
to both methods, is found to be about 150 millions of miles 
per annum. 

It would seem, then, that the problem of the Sun's motion 
in space has been placed in the category of settled questions. 
With so many solutions, various in method, founded on 
different sets of stars, and carried out by the most skilful 
mathematicians to all but identical results, no one can 
reasonably doubt, it might be thought, that the Sun's motion 
is such as has been stated by our astronomers. 

And yet, singularly enough, this last and most satisfactory 
of all the solutions which the problem has received has 
introduced an element of doubt into the question which it 
is imposeible to overlook. The Astronomer-Royal was not 
content with the mere solution of the problem, but persisted, 
after the obstinately inquisitive manner usual amongst astro> 
nomers, in applying all manner of tests to the result. 
Among these tests was one of a most interesting character. 

It was argued that if our Sun's motion is reflected so 
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clearly amongst the drifting stare, we ought .to find the 
amount of stardrift lai^ely diminished when the full cor- 
rection is made for the Sun's motion. Accordingly the ex- 
periment was tried. Every star of the 1,167 in Mr. Main's 
list was carefully set drifting in a direction precisely oppo- 
site to that due to the Sun's motion ; the effect being in- 
tended to be such as to correspond to that which would 
really take place if the Sun were brought to rest. I say 
intended, because the doubts which hang over the subject 
of the stars' distances come in here ^ain to perplex the 
question. However, the best was done which the circum- 
stances admitted of. The estimates of the elder Stmve 
were adopted, and the inunenaely laborious work of correc- 
tion was carried out to ita completion by Mr. Dunkin. 

The result was not such ss was to have been expected. I 
premise that, in this case, the sum of the squares of the 
uncorrected motions has to be brought into comparison with 
the sum of the squares of the corrected motions. The 
former sum, then, was found to be 142*0251, the latter 
136-4915. The correction, instead of being important, as 
was anticipated, is less than a twenty-fifth part of the 
whole. 

Sir John Herschel, commenting on this result, remarks : 
' No one need be surprised at tkie. If the Son move in 
space, why not also the starg ? and if so, it would be mani- 
festly absurd to expect that any movement could be assigned 
to the Sun by any system of calculation which should 
account for more than a very small portion of the totality 
of the observed displacements. But what is indeed asto- 
nishing in the whole affair is that among all this chaotic 
heap of miscellaneous movement, among all this drift of 
cosmical atoms, of the laws of whose motions we know abso- 
lutely nothing, it ehoidd be possiUe to place the finger on 
one email portion of the sum total, to all appearance undis- 
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tiDgoJshabl; mixed up with the rest, and to declare with 
full asBurance that this particular portion of the whole is 
due to the proper motion of our own ^atem.' 

With all deference to an authority so distinguished, I 
must venture to express my doubts of tiie correctness of the 
opinion I have just quoted. Sir John Herschel has omitted 
to consider that the number of bodies affected by their 
own proper motion may have little to do with the effects 
of the correction under diBcussion ; because every one of 
Uioae bodies i« affected by the sun'a proper motion. The 
largeness of the number is as effective one way as the other. 
This general consideration suffices to throw HeTSchel's con- 
clusion into doubt ; but in reality the question is one for 
mathematical discuseion, and when this has been applied it 
becomes certain that his conclusion is erroneooa. (See 
Appendix B.) 

But aUhough the processes by which I have established 
the view that a larger correction was to have been expected 
are mathematical, I can indicate a line of simple reaaoning 
which will exhibit very clearly the probability of that view. 
Suppose there are two stars in that part of the hearens 
where the Sun's motion produces the greatest change of 
potdtioD, and that one star is moving in the same direction 
as the Sun and with the same velocity, the other in the con- 
trary direction. It is obvious that the first has its apparent 
motion reduced to rest 1^ the effect of the Sun's motion ; 
the second has its motion doubled. Thus, instead of the 
motions I, 1 (as we may count them), which would be 
observed if the Sun were at rest, we get the motions 0, 2 ; 
and instead of the squares 1, 1, we get the squares 0, 4, an 
increase in all of 2. Now, any one familiar with the ele- 
ments of geometry will find that, even if the two stars had 
opposite motions along some other line than the one panllel 
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to the Sun's path, bo thst (situated as the stars are supposed 
to be) the squares of their own motions vould be less than 
1, 1, the increase due to the Sun's motion would still be 2. 
Hence, if we suppose a large number of stars to be moving 
in all directions from a point sitxiated as supposed, every 
pair of opposite motions would have the sum of its squares 
increaned by 2; whereas the original sum would never 
exceed 2, and would commonly be less than 2. Hence the 
effect of the Sun's motion would be to more than double the 
sum of the squares for stars in this particular part of the 
heavens. For stars situated elsewhere the Sun's motion 
would be less effective. Without entering further into ex- 
planations of the probable effect of the Sun's motion for 
stars all over the sky, I may mention, as the result of an 
exact mathematical discussion of the subject, that, on the 
whole, the Sun's motion ought exactly to double the sum of 
the squares. In other words, the correction due to the Sun's 
motion ought to reduce the sum of the squares by one-half. 
We have seen that the actual reduction is less than one 
twenty-fifth. 

We have, then, only three explanations to choose from. 
Either the Sun's motion is considerably less than the average 
motions of the stars ; or stars are moving according to some 
law which tends to mask the effect of the motion of the . 
Sun, which is but one among their number ; or, lastly, the 
assumptions which have been made respecting the stars' dis- 
tances (as judged by their brightness) are wholly incorrect. 

We have seen, at the very beginning of this inquiry, that 
the Sun's motion cannot be looked upon as small in com- 
parison with the average motions of the stars. Thus the 
first explanation must be dismissed. As to the second, it is 
clearly improbable in the highest degree that that should 
be the real explanation of our di£Bculty ; for besides that a 
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law, to be BO effective tn masking the effect of the Sun's 
motion, ought to exhibit itself by obviouR relatione among 
the stellar movements, we have the fact that the Sun's 
motion is iiot masked when estimated in other ways. It is 
only in one sense that it is masked at all, and its effect, 
viewed in that light, depends entirely on the assumptions 
which have been made respecting the stars' distances. We 
are led, then, to the third explanation, which involves the 
very conclusion which I have endeavoured to establish above 
on other grounds — the conclusion, namely, that the distances 
of the stars are not to be estimated by the stars' apparent 
brightness. 

It only remains to mention that the same amount of 
change in our estimates of the stars' distances which the 
former mode of inquiry suggested, appears %o correspond 
closely with the amount required to make the conrectiona 
due to the Sun's motions sufficiently effective. I can only 
speak positively, however, for the stars of the lower magni- 
tudes, because the correction due to the Sun's motion is in 
reality not a coirection at all for stars of the second and 
third magnitudes, since it actually increases the sum of the 
squares. My formulae do not enable me to deal with a 
negative correction, though they show very conclusively that 
such a correction ran only result from mistaken assumptions. 
The fact that such corrections exist is interesting also as 
confirming a result already indicat«d in this paper — viz. 
that the stars of the first three m^nitudes must be taken 
together in inquiries of this sort. 

The result of my examination of the subject seems to 
prove that we can no longer assume the stars to be all of the 
same or nearly the same magnitude, but that, on the oon> 
trary, their differences of magnitude are so important as 
to constitute the chief explanation of their differences of 
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brilliancy. But thia coDcIusion, which eeems to me indis- 
putable, in DO Bense contravenes the conclusions which m- 
tronomere have formed respecting the Sun's motion through 
space, though it throws considerable doubt upon the accuracy 
of the estimates which have been formed of his velocity in 
miles per annum. 

Fraur't WagaHiie for September 1669. 
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COLOURED SUNS. 

If a brilliant star be observed when near the horizon^ 
it will be seen to present the beautiful phenomenon of 
* coloured scintillation.' The colours thus eshibited exceed 
in purity even those seen in the solar spectrum or in the 
rainbow. By comparison with them the light which flashes 
from the ruby, the emerald, the sapphire, or the topaz, 
appears dull and almost earthy. There are four or five 
stars which present this phenomenon with charming dis- 
tinctness. The brilliant Vega in the constellation Lyra, 
which rarely sets in our latitude, is one of these. At mid- 
night in winter, and earlier with the approach of spring, 
this splendid steel-blue star may be seen as it skirts the 
southern horizon, scintillating with red, axA blue, and 
emerald light. Arcturus twinkles yet more brilliantly low 
down towards the north-east in our spring evenings. Capella 
is another notable scintillator, seen low down towards the 
north during the summer nights. But these, though they 
are the most brilliant northern stars, yet shine with a splen- 
dour far inferior to that of Siriua, the famous dog-star. No 
one can mistake this noble orb as it rises above the southern 
horizon in our winter months. The vivid colours exhibited 
by Sinus ae it scintillates, have afforded a favourite image 
to the poets. Homer compares the celestial lighl which 
gleamed from the shield and helmet of Diomed to the rays 
of ' Sinus, the star of autumn,' which ' shines with a pecu- 
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liar brilliancy when laved by ocean's waves ; * and, to piiss 
at once from the father of poetry to our greatest molem 
poet, we find in Tennyson's ' Princess ' the same image, 
where he says of Arac and his brothers, that — ■ 

Ab the flety Sirius alt*ra hue, 
And bicken into red and emerald, ihone 
Their monons, irashed rith morning, as they oame. 

It is difBcult to persuade oneself that these ever-changing 
tints do not really belong to the stars. But there is now no 
doubt that they are caused by our own atmisphere. Un- 
equally warm, unequally dense, and unequally moist in its 
various strata, the air transmits irregularly those coloured 
rays which together produce the light of a star. Now one 
colour prevails over the rest, and now another, so that the 
star appears to change colour. But it is only low down 
towards the honzon that these changes take place to their 
full extent. In the tropics, where the air is more uniform 
in texture, so to speak, the stars do not scintillate unless 
they are quite close to the horizon, ' a circumstance,' says 
Humboldt, ' which gives a peculiarly calm and serene cha- 
racter to the celestial depths in those countries.' 

But the stars are not wanting in real colours, caused by 
peculiarities in the quality of the light which they emit 
towards us. In tropical countries the colours of the stari 
form a very obvious and a very beautiful phenommon. The 
whole heaven seems net with variously coloured gems. In 
our latitudes, none but the brightest stars exhibit distinctly 
marked colours to the naked eye. Sirius, Regulus, and 
Spica are white stars ; Betelgeus, Aldebaran, Arcturus, and 
Antares are red ; Procyon, Capella, and the Pole-star are 
yellow ; Castor exhibits a slightly green tint ; while Vega 
and Altair are bluish. Antares, which we have described as 
a red star, presents, when carefully watched, a greenish scin- 
tillation so peculiar as to have early attracted the notice of 



,.,.d,i. Google 



258 ASTBOSOMICAL ESSAYS. 

astronomers. The green tint of Castor bad been found to 
arise from the fact that the star is double, and one of the 
components green. But, for a long while, powerful instru- 
menta failed to exhibit a companion to Antares. At length 
General Mitchell, with the great re&actor of the Cincinnati 
Observatory, detected a minute green companiun to this bril- 
liant red star — the Sirius of red stars, as it has been termed. 

But, as we have said, the stars which present distinctly 
marked colours to the naked eye in our latitudes are few and 
far between. It is in the telescope that our observers have 
to seek for a full view of the delicate phenomenon of coloured 
stars. When a survey is made of the heavens with a power- 
ful telescope, peculiarities well worthy of careful attention 
are revealed to the observer. We have seen that there are 
no stars visible to the naked eye which are decidedly blue or 
green. The ancients, also, recognised only red and white 
stars. In the telescope, this peculiarity is still observable 
when single stars only are looked at. We meet with some 
telescopic stars the depth of whose red colour is remarkable. 
There are stars of a fiery red, of a deep blood-red, and of a 
full orange colour. There is a well-known star entitled the 
' garnet star.' And, in fact, every variety of colour, from 
white through yellow and orange to a deep almost dusky red, 
is met with among the single fixed stars. But there la no 
instance throughout the whole heavens of a single green, 
blue, or violet star. 

The case is altered when we come to examine those 
double, triple, and multiple stars the observation of which 
is one of the most pleasing emplojrments of the amateur 
telescopist. Amongst these systems we meet with all the 
tints of the rainbow, and with many colours which are not 
seen in the rainbow, such as fawn-colour, lilac, grey, and so 
on. ' The attentive observation of the double stars,' writes 
the celebrated Struve (who detected 3,000 of these objects) 
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* teaches us that, besides those that are white, all the colours 
of the spectrum are to be met with.' 'Here we have a 
green atarwith a deep blood-red companion, there an orange 
primary accompanied by a purple or indigo^blue satellite. 
White is found mixed with light or dark red, purple, ruby, 
or vermilion.' Sometimes a single system offers at one 
view many different colours. Such is the case with the 
remarkable group detected by Sir John Herschel within the 
Southern Cross. It is composed of no lees than 110 stars, 
which, seen in a. telescope of sufficient size, appear, Herschel 
tells us, like ' a casket of variously coloured precious 
stones.' 

It will be well to examine some of the collocations of 
colour, that we may trace the presence of a law of distribu- 
tion, if such exist. 

We have said that blue stars are not met with singly in 
the heavens. Among double stars they are common enough. 
But they are generally small. When the larger star or 
primary is not white it is usually either red or yellow ; then 
the smaller star — or satellite, as we may term it — is fre- 
quently blue or green. But this is so &r from being a law 
without exception that the more common case is to find 
both sfars similarly tinted. Amongst 596 bright 'doubles,' 
Stnive found 375 whose components were similarly coloured, 
101 whose components presented colours belonging to the 
same end of the spectrum, and only 120 in which the 
colours were totally different. 

Amongst double stars whose components are similarly 
tinted, by far the great«r number are white, yellow, or red. 
But there are some instances of double blue stars; and 
in the sotithem heavens there is a group containing a mul- 
titude of stars, all blue. 

It is impossible, therefore, to suppose that the blue 
colours seen in multiple systems are due to the mere effect 
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of contrast. In some cases this may happen, however ; or 
at any rate the eflfect of contrast may intensify the colours 
of each component of a ' complementary double.' There is 
one veiy charming instance of complementary colours in a 
double star which may be separated with a telescope of very 
low power. We refer to the star Albireo on the beak of the 
Swan. The components of this star are orange and blue, 
the tints being well pronounced. It has been found that 
when one of the components is hidden the other still pre- 
serves its colour, though not quite so distinctly as when 
both are seen together. Another ' complementary double ' 
id the star y Andromedie. The primary is red, the smaller 
star green. Id very powerful telescopes the smaller com- 
ponent is found to be itself double, and doubts exist among 
astronomers whether the two minute components of the 
lesser star are both green, or one blue and the other yellow. 
There is another double star very beautiful in a powerful 
telescope. This is the star < Bootis, on the Herdsman's belt ; 
it is called also Mirach, and, on account of its extreme 
beauty, Fulcherrima. The components are nearly equal — 
oue orange, the other a delicate emerald green. 

One of the most startling facte revealed by the careful 
observation of the fixed stars is that their colour is not 
unchangeable. 

We may begin at once with the brightest of the fixed 
stars — Sirius. This star was known to the ancients as a 
red star. To its fiery hue may doubtlens be ascribed the 
peculiar influence assigned to it by ancient astronomers. 
At present Sirius is brilliantly and immistakably white. 

We have not such decisive evidence in the case of any 
other noted star. But among telescopic stars, there have 
been some very remarkable changes. There are two double 
stars, described by the elder Herschel as white, which now 
exhibit golden-yellow primaries and greenish satellites. 
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That careful obeerver, Admiral Smyth, recorde also tbat one 
of the components of a double star in Hercules changed, in 
twelve years, ' from yellow, through grey, cherry-red, and 
egregious red, to yellow ^ain.* 

The questions may well be asked, Whence do the stars 
derive their distinctions of colour? and by what proceBses 
do their colours change ? To these questions modem dis- 
coveries have supplied answers which, if not complete, are 
well worth listening to. 

It had long been suspected that the stiurs are in reality 
suns. It had been shown that their distance from us must 
be so enormous as to enable us to assign to them an intrinsic 
brilliancy fully equal id some instances, and in others far 
superior, to that of our own Sun. Nothing remained but 
tbat we should have some evidence tbat the kind of light 
they emit is similar to that which we receive from the Sun. 
This evidence baa been supplied, though only of late years. 

We cannot here enter at length into an accotmt of the 
important discoveries of Kirchhoff and Bunsen, which have 
enabled astronomers to analyse the light emitted from the 
celestial bodies. It will be sufficient to remark that in the 
solar spectrum there are observed fine dark lines breaking 
the continuity of the streak of light, and that these lines 
have been proved to be due to the presence of the vapours 
of certain elements in the solar atmosphere. The proof 
depends on the exact correspondence of numbers of these 
lines, grouped in a complex manner (so as entirely to elimi- 
nate the possibility of a mere chance accordance) with the 
bright lines seen in the spectra of light from the vapours 
of those elements. When once Kirchhoff and Bunsen bad 
proved the possibility of exhibiting the same set of lines 
either as bright lines on a dark ground or as dark lines on 
a brilliant q>ectrum, all doubt as to their meaning in the 
solar spectrum disappeared at once. 
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It bas been found that in the Sun's atmosphere there are 
present the vapours of iron, copper, zinc, and nickel, be- 
sides calcium, magnesium, sodium, and other metals. But 
the vapours of tin, lead, silver, and gold do not appear to 
be present in the solar atmosphere. One of the most re- 
markable dark lines is due to the presence of hydrogen. 

But it has been found possible to extend these researches 
to the fixed stars. Drs. Huggins and Miller have done 
this successfully, and their discoveries afford a means of 
assigning very sufficient reasons for the colours of the 
brighter stars. By analogy also we may extend a similar 
interpretation to the colours of stars not bright enough to 
give a spectrum which can be satisfactorily examined. 

Let us take first the brilliant Sirius. This star belongs 
to the Boutbem half of the celestial sphere, and although 
it becomes visible at certain seasons in our latitude, it never 
rises very bigb above the horizon. In fact, at its highest — 
that is, when due south — it is only twenty-two degrees 
above the horizon, or less than one-fourth of the way from 
the horizon to the point immediately overhead. This pe- 
culiarity somewhat interferes with the observation of the 
star by a method so delicate as that applied by the cele- 
brated physicists we have named. Oo the other band the 
exceeding brilliancy of Siriua makes some amends for the 
effects of atmospheric disturbances. By selecting very 
favourable opportunities, Huggins and Miller were able to 
analyse the star's spectrum, with the following result : — 

The atmosphere around Sirius contains sodium, magnesium, 
hydrogen, and probably iron. 

The whole spectrum is covered by a very large number of 
faint and fine lines, indicating a corresponding variety in tbe 
substances vaporised in the star's atmosphere. 

The hydrogen lines are abnormally strong as compared 
with tbe solar spectrum, all the metallic lines being re- 
markably &int. 
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This last circumitance is well worthy of notice, Bince it 
is a peculiarity characteristic of white stare — so that we 
begin already to find a hint respecting the source of colour 
or of the absence of colour in stars. 

Take next an orange-red star, the brilliant BetelgeuK. 
The spectrum of this star was very carefully analysed by 
HuggiDs and Miller. They marked down the places of 
two or three hundred lines, and measured the position of 
bo less than eighty. They found that sodium, magnesium, 
calcium, iron, and bismuth are present in the star's atmo- 
sphere, but the two strong lines which note the presence of 
hydrogen are wanting. 

Take next the yellow star, Pollux. The observers were 
not able to obtain very satisfactory measures of this star ; 
but they established the presence of sodiiun and magnesium 
in the star's atmosphere ; and again the strong lines of 
hydrogen were found to be missing. 

But we are not entitled to assume that red and yellow 
stars are characterised by the absence of hydrogen from 
tbeir atmospheres. On the contrary, the noted red star 
Aldebaran, the spectrum of which was very carefully ana- 
lysed by Huggins and Miller, was found to exhibit the two 
lines of hydrogen with perfect distinctness. This star exhi- 
bited a richness in the construction of its atmosphere not 
presented by any other. The elements proved to be present 
are sodium, mt^esium, calcium, iron, bismuth, tellurium, 
antimony, and mercury. It must not .be supposed, in this 
or any other case, that other elements might not by a suffi- 
ciently laborious scrutiny be proved to exist in the star's 
atmosphere. The observations required, says Dr. Huggins, 
' are extremely fatiguing to the eye, and necessarily limited 
to the stronger lines of each spectrum.' 

It is clear, however, from the above short list of examples, 
that a considerable variety exists in the physical constitution 
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of the fixed stars. This of itself affords a suggestive hint 
respecting the true explanation of the variety of colour 
which we have described. And the peculiarity that in the 
white stars the hydrogen lines are singularly strong, while 
the inetallic lines are as singularly weak, is yet more to the 
point. Sirius waa a red star. Was it at that time unlike 
present red stars ? Does it not seem more prohable ihat, if 
there had existed in those days a Hu^^ds or a Miller, and 
the instrumentfl used so successfully by these observers had 
been invented, it would have been found that Sirius did not 
— vhen a red star — present peculiarities now observed only 
in white stars ? 

We recognise, then, the influence of time upon the spec- 
trum of this celebrated star, as probably tending to render 
the lines of hydrogen more distinct than of yore, and the 
lines of the metalUc elements less distinct. But what is the 
meaning of such a change ? Suppose a chemist, for example, 
observing the spectrum of the flame produced by the com- 
bustion of a compound body, should notice that the lines of 
some elements slowly increased in distinctness, while the 
lines of others grew fointer, how would he interpret such a 
phenomenon ? If we remembered only that the dark tines 
are due to the absorptive eflect of the vapour they correspond 
to, on light which is trying, so to speak, to pass through the 
vapour, we might readily jump at a conclusion, and answer 
that the extent of absorptive vapour is increasing when the 
lines are growing more distinct, and vice versa. But we 
must also consider that these lines are partly the effect of 
contrast. The lime-light held before the sun's disc appears 
black, though so dazzling when seen alone. It may be, 
therefore — or rather we may say it certainly is the case — 
tliat those parts of the spectral streak which seem dark are 
in reality luminous; or — whidh is merely another way of 
saying the same thing — that the vapours which absorb light 
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from the solar beams, send us light of their own. And so 
with stars. Therefore, we have this difficulty to contend 
against, — that there is no power of determining whether a 
change in the intensity of a line, or of a set of lines, is due 
to a variation in the light^ving power of the corresponding 
vapour, or to a variation in the quantity of vapour whose 
absorptive effects produce the lines. 

But, inasmuch a^ it resulted from Dr. Huggins' examina- 
tion of a temporary star which appeared last year, that the 
increase of light — for it was only the abnormal brilliancy of 
the star which was really temporary — was due to a sudden 
outburst of inflamed hydrogen, it seems on the whole more 
probable that the incandescent vapours of stars bum with 
variable brilliancy, than that they vary in quantitative dis- 
tribution. 

As regards the constant colours of different stars, we are 
enabled at any rate to deduce negative results. 

For instance, we may dismiss at once the theory started 
some years ago by the French astronomer M. Doppler. He 
supposed that the colours of a star are due to the proper 
motions of the star, acting so as — in effect — to lengthen or 
shorten the waves of light proceeding from the star to the 
earth, just as the apparent breadth of sea-waves would be 
greater or less to a swimmer according as he swam with or 
against their course. It is quite clear that the effects of a 
motion rapid enough to produce such a change would be to 
shift the position of the whole spectrum, — and this change 
would be readily detected by a reference to the spectral lines.* 

• I mftj be pfimilted to notice that thii was among the tuiirtt pub- 
Ikhed refprenceB to the p(Hwibi1it7 of detenniniDg motions of retess or 
approach \iv the diBplacemont of the spectral lines. Terr •hortl; afterwards, 
Pr, Hngging hod locceeded in nppljiog the method, which he had been sn- 
deavoaring to do for sodih months before. I wiia, howsTsr, quite nnaTare of 
this when I wrote the abore line*. I bellece, in fact, his researchea wei* 
carried on allogethn privately. 
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Apart from this, the colour of a star would not be changed 
by 8uch motion, the spectrum being merely displaced, not 
affected in its characteristics of colour. (See p. 275.) 

Another theory — that the orange and red tint« indicate a 
lower degree of temperature— must also be dismissed. For 
we hare seen that the spectra of red stars indicate tlie 
presence of t)ie vapour of iron and other metals, and 
nothing hut an exceedingly high temperature could vaporise 
these. 

It seems clear that the difiference of tint is due to the 
different arrangement of the dark lines — in other words, to 
an absolute difference of physical constitution. ' There is a 
striking difference,' remarks Hu^;ins, 'between the effect on 
the colour of a star of such closely grouped and very dark 
lines in the green and blue part of the spectrum of Betelgeux, 
and of the corresponding part of the spectrum of Sirius, in 
which the dark lines are faint, and wholly unequal to 
produce any noticeable subduing of the blue and green lays.' 

But we have still to consider the peculiarities presented 
by the double stars. We have seen that amongst the com- 
ponents of these there are observed some which present a 
distinct blue colour. It has been found possible to anal^e 
some of these with the spectroscope. We have spoken of 
the charming double star Albireo, the components of which 
are orange and blue. Both have been analysed, — with this 
result, that the spectrum of the orange component is 
remarkable for the great strength of the lines in the green, 
blue, and violet, while the spectrum of the blue component 
is equally remarkable for the great number of groups of fine 
lines in the orange and yellow. 

It would seem, then, that the complementary colours 
observed in certain double stars, indicate a sort of com- 
plementary distribution of elements which in our own Sun 
are associated equably and intimately. 
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And we must note here, in paseing, that it is not absolutely 
necessary, as eome have supposed, that, if there are systems 
of worlds circulating around such double suna, there should 
be any remarkable difference in the quality of light distri- 
buted to the planets, as compared with that which we 
receive from the Sim. Sir John Herschel hae spoken of ' the 
charming contrasts and grateful vicissitudes — a red or a 
green day for instance, alternating with a white one or with 
darkness, according as one or other or both of the stars 
should be above the horizon.' But if the dependent orbs 
swept in very wide circuits about their double sun, they 
would receive white light diuing nearly the whole of each of 
their days, since it would only be diuing a brief interval that 
either sun would be visible alone above the horizon. 

Of the deeply coloured stars which are visible with the 
telescope, none have been found sufficiently brilliant to 
admit of exact analysis. 

A peculiarity has been remarked by a distinguished modem 
observer which is worthy of careful attention. Many of the 
r^ularly variable stars, when passing into their phase of 
minimum brightness, exhibit a ruddy tinge which is very 
eonspicuous i^ instruments of adequate power. It does not 
seem easy to explain this as due to any change in the 
vaporous constitution of a variable star — since it seems 
difficult to show why such changes should occur at regular 
intervals. Yet this would appear to be more probable than 
that these changes are due, either to the rotation of the 
star itself and the presentation in a cyclic order of the 
dififerent parts of an unequally illuminated globe, or to the 
revolution round the star of an extensive vaporous mass 
whose interposition cuts off from us at regular intervals a 
portion of the star's light. 

It is remarkable that a large number of the known 
variable stars are red or orange. There is one notable 
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exception, however, for Algol — the celebrated variable in 
Meduaa'e head — is a white star. 

It is probable that a careful examination of the stare with 
any efficient 'colour-tester* would lead to the discoveiy of 
man; cases of variatioD in colour. Admiral Smyth adopted 
a chromatic scale of colour — but a test of this sort is not 
very satisfactory. Opaque colours generally vary with time, 
BO that it is impossible to say that two observers, even if 
they have used the same strip of coloured discs, have really 
made observations fairly comparable inter ae. And it is 
further to be noted that there are many persons who find a 
difficulty and uncertainty in the comparison of stars, or 
brilliants, with opaque colour-scales. An ingenious student 
of science has suggested the use of chemical solutions, which 
can always be reproduced with certainty ; and he has de- 
scribed a method for forming an artificial star in the field of 
view of a telescope, and for gradually varying the colour of 
the star until it should coincide with that of a fixed star 
whose colour we may desire to determine. The great objeo 
tion to the plan is its complexity. Coloured glasses, through 
which a small white disc within the telescope might be 
illuminated (just as the wiree are illuminat«d in the ordinary 
transit telescope), would serve the same purpose much mora 
simply.* The inquiry is an exceedingly interesting one, 
and Sir John Herschel has expressed the opinion that there 
is no field of labour open to the amateur telescopist which 
affords a better promise of original discoveries than the 
searcli for such variations as we have described. 

F^tuer't MagatiiK for JtuiDsi? 1SS8. 

■ TbU plan vm ptopoi«d bf bib in the Quarttrli/ Journal af ScUnet, tar 
October 1B6T, in the ' Cbmnide of AHtronomy.' An initmment of Bome each 
sort had been constructed earlier by Hr. Birt, who called it the komockr^ 

matotcopt. 
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NEWS FROM SIRTUS. 

Thebe are certain problems in astronomy which have never 
been satisfactorily solved, though they seem at first sight to 
present no features of special difficulty, or even to be quite 
similar in character to other problems which have been 
found easy of solution. For example, astronomers were for 
a long time unable to determine the weight of the planet 
Mercury ; and the estimate now accepted is far from being a 
satisfactory one. Similar difficulties have been encountered 
in the attempt to estimate the weight of Venus and Mars. 
Yet these are the nearest of tbe planets ; and Jupiter, 
Saturn, Uranus, and Neptune, which are so much farther 
from us, have long since been accurately weighed. We bare 
seen, also,* that the features of Mara — bis oceans, con- 
tinents, and polar "ice-caps — have been satisfactorily deline- 
ated, whilst those of Venus, our nearest neighbour among 
the pbmets, remain -altc^ether unknown. Again, we bave 
learned what elements exist in many of the fixed stars, 
although the nearest of these bodies is more than 200,000 
times larther £rom us than the Sun ; yet we know nothing 
of the physical constitution of the planets, or even of our 
near neighbour tbe Moon. 

Amongst other problems which bave hitherto appeared 
insoluble, is that of determining whether the stars bave any 
motion directly towards or from the Earth. 

* See ths Easaj on Man, p. SI. 
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We can form an estimate of the Btars' transverse motions, 
because these result in an apparent change of place. And in 
the few instances in which we are acquainted with a star's 
distance, the knowledge of its apparent transverse motion 
enables ns to ascertain the real rate (in miles per year) at 
which the stap is speeding onwards through celestial space. 
It has been noticed, for instance, that a certain star called 
61 Cygni has an annual motion so considerable that in 
about 350 years the star would be shifted over a space on 
the heavens equal to the Moon's apparent diameter. Now it 
happens that this star is one of the few with whose distance 
from us we are acquainted. In fact, so far as observation 
has yet gone, this star is nearer to us than any in the 
northern heavens. Knowing the star's real distance, we can 
translate the star's apparent motion into real transverse 
motion in miles per annum. When this has been done, it 
results that the star is moving over nearly 1,450 millions of 
miles annually, in a direction at right angles to the line of 
sight. This motion is equivalent to about 40 miles per second. 

But the star may really be moving much more rapidly 
through space. For, besides this transverse motion, it may 
have a motion of approach or recession with respect t« the 
Earth. A motion of this sort would, of course, produce no 
effect on the star's apparent position. The only effect it 
could have would be to increase or diminish the star's appa- 
rent brightness. But so enormous is the distance of the 
fixed stars that no effect of this sort could be expected 
to take place. For, let us suppose that 61 Cygni is 
approaching us at the rate above assigned t« the star's 
transverse motion^-that is, at the rate of 1,450 millions of 
miles in a year. This space, enormous as it seems, scarcely 
exceeds the fifty-thousandth part of the star's distance ; so 
that in a thousand years the star would not be nearer to us 
by more than onf -fiftieth part of its present distance. 
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It seems, therefore, quite hopelees to look for information 
respecting any motions of this sort among the fixed stars. 
For, if no evidence of motion towards or from ub can be 
detected in the case of a body which is certainly one of the 
nearest among the fixed stars, it is still less likely to be 
afforded in the case of other stars. 

Yet the problem here presented is precisely the one whose 
solution we have to record. The manner in which the 
problem has been solved is deserving of careful study. We 
shall have to make some preliminaiy remarks, which at first 
sight seem scarcely to bear on the subject we are dealing 
with. 

It is known that light travels in a series of waves of 
extreme minuteness, and propagated with extreme velocity 
through an ethereal medium which occupies all space and 
the interstices of solid bodies. We know little of the 
habitudes of this ethereal medium ; in fact, we only know 
of its existence through its quality of transmitting light and 
heat. So long as light and heat were supposed to travel 
directly from the Sun and stars to the Earth, the existence 
of a fluid occupying the interstellar and interplanetary spaces 
could hardly have been suspected. But the case is different 
now that the undulatory theory of light has been estab- 
lished. For, just as the transmission of the tidal wave from 
the Southern Ocean to our own shores is an evidence (and 
would be, of itself, a sufficient evidence) that the waters 
which wash our shores communicate with the southern seas, 
so ^e fact that light-waves from the Sun and from the stars 
reach our Earth, affords sufficient evidence that the medium 
in which they travel occupies, without break or interrupt 
tion, the interplanetary and interstellar spaces. 

The waves of light are, as we have said, exceedingly 
minute. It has been proved that their average length is 
about the fifty-thousandth part of an inch. But they are 
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not all of the same length ; and ligbt^waves of different 
length produce light of different colours. There are some 
light-waves so long as the fortj-thoueandth part of an inch : 
waves of this length produce red light. There arn others so 
short as the sixty-thousandth part of an inch : waves of this 
length produce violet light. Waves of the average length 

** produce green light. And we may remark, in passing, that 
this is doubtle^ the reason why green light is so agreeable 
to the eye ; for the light-appreciating powers of the eye are 
called into fuller exercise in dealing with waves belonging to 
either extreme. 

It ia not to be supposed that there are sudden limits to 
the length of the waves we are dealing with. Just as there 

. are sounds which are too grave or too acute to be appre- 
ciated by the ear, so there are light^waves, or rather, we 
should say, there are forms of light which the eye has no 
power to appreciate (W light. Such waves produce effects — 
heating, actinic, and chemical — but the eye does not recog- 
nise them as light- waves. 

Light travels at the rate of 180,000 miles per second, and 
the question may here arise — and will be found to liave an 
important bearing on the subject of our paper — whether 
waves of different length travel at the same rate. This 
question must be answered, it should seem, in the affirma- 
tive. For, since light takes nearly an hour in travelling 
from Jupiter to us, it would follow, if there were any appre- 
ciable difference in the rate at which the longer and shorter 
light-waves travel, that the satellites on emerging from 
eclipse would not appear white. Suppose, for instance, that 
the longer light^waves travelled fastest, then a satellite 
immediately after eclipse would appear red, and gradually, 
as light of the other colours of the spectrum came to rein- 
force the red light, the coloiu* of the satellite would change 
from red through orange, buff, fawn-colour, and Bushed 



,.,.d,i. Google 



NEWS FBOM SIEIUS. 273 

white to pure white. Similarly, if the shorter light-waves 
travelled f^test, the colour of the Gatellite would change 
from violet through indigo, olive, russet, and greeaish-white 
to pure white. As no such changes occur, we ma; assume 
with considerable confidence that light-waves of different 
length travel at the same rate. 

We now have to consider a circumstance which may be 
aptlj illustrated by the waves of the sea. If we imagine a 
stout swimmer urging his way amidst a wave-tost sea, or, 
rather, amidst a sea crossed by a succession of long rollers, 
we shall see that, according to the direction of his motion, 
he would be apt to form a different estimate of the rate at 
which the waves were travelling. It is clear that in the 
case, only, of his swimming in a direction parallel to that of 
the wave-fronts, would the waves seem to pass him at their 
true rate. If he swam facing them they would seem to 
travel more quickly, and if he swam with them they would 
seem to travel more slowly, than they would if be were at 
rest. Now, if he were not to consider bis own motion, he 
would be led by these varying appearances to form varying 
estimates, not merely of the velocity of the waves, but of 
their breadth. The faster the wave-crests passed him, the 
narrower would the waves appear to be, and vice versa. 

It is obvious that similar considerations apply to any 
system of waves whatever. Take, for instance, the waves in 
air which produce sound. These travel at the rate of nearly 
1,200 feet per second. If a sound be maintained at a given 
pitch — that is, by air-waves of given length — this sound will 
appear to vary in pitch according as the auditor is at rest, or 
moving towards or from the source of sound — if only, in the 
latter cases, the observer's rate of motion bears an appreciable 
proportion to the rate at which sound travels. It waa stated 
by the late Professor Nichol of Glasgow that the experiment 
has actually been tried. ' Oa the railway uniting Utrecht 
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witb Maarseo, were placed at intervals of Gomething upwarda 
of a thousand yards three groups of musicians, who remained 
motionless during the requisite period. Another musician 
on the railway sounded at intervals one uniform note, and its 
effects on- the ears of the stationary moeiciana have heen fully 
puhlished. From these certainly — from the recorded changes 
between ffrav« and the more acute, and vice versa, confirm- 
ing even numerically what the relative velocities might have 
enabled one to predict — it appears justifiable to conclude 
that the general theory is correct, that the note of any sound 
may be greatly modified if not wholly changed by the twio- 
dty of the individual hxarvng it,' or, he should have added, 
by the velocity of the source of sound itself. 

Let us apply the same consideration to light-waves. We 
must first consider the velocity of light. It will appear, at 
first sight, hardly conceivable that any orb in the celestial 
spaces should be moving with a velocity bearing an appre- 
ciable relation to the enormous velocity with which light 
travels. Even the velocity of 61 C^gni — about 40 miles 
per second — would almost be rest as compared with a 
velocity of 180,000 miles per second. We may compare the 
relation between these imequal velocities to that between the 
velocity of the swiftest express train and a velocity of about 
20 yards per hour, or 1 foot per minute — a velocity scarcely 
exceeding that of the snail. If, therefore, we supposed the 
star 61 Cygni to ehine with light having a coTiatant wave' 
length — in other words, with iTUmochromatic light — we could 
not expect to detect any difference in the colour of its light 
on account of any motion the star may have towards or from 
the earth. 

But a consideration connected with the words we have 
italicised renders the solution of our problem in this way 
altogether hopeless. Returning to our swimmer, if waves of 
every possible length between certain limits were passing him, 
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and he were onlj capable of noticing those vhicb seemed to 
lie between much narrower limits of length, it would clearly 
make no difference whether he swam with or ag;ainst the 
course of the waves. And this case exactly corresponds with 
that of the obsen-er on Earth. The astronomer, M. Doppler, 
who first suggested that the colours of the stars, and espe- 
cially of certain double stars, might depend on the stars' mo- 
tions of recession or approach, omitted to take this important 
circumstance into considemtion. If we assume that a star 
were approaching us so rapidly that the waves of red light 
were apparently reduced in length so as to produce the eflfect 
of orange light, then the orange part of the star's light 
would produce the eflfect of yellow light, the yellow of green, 
the green of blue, the blue of indigo, the indigo of violet, 
and lastly the violet part of the light would become inappre- 
ciable. So far, then, there seems to be a change — in the loss 
of all the red part of the light. But as it is certain that 
there are light> waves of greater length than those which pro- 
duce red light, and that these waves by being apparently 
shortened could become appreciable to the sight and give the 
eflfect of red light, we see that there would be absolutely no 
change whatever in the colour of the light received from a 
star moving towards us even at the tremendous rate indicated 
by our supposition. 

Thus we seem to be no nearer the solution of our problem 
than we were before. 

But there is a peculiarity in the light received from the 
Sun and stars which remains to be mentioned, and which has 
led to a very satisfactory and trustworthy solution of the 
difficult problem we have been dealing with. 

It has been observed that the solar spectrum is' crossed 
by a multitude of dark lines parallel to each other and at 
right angles to the length of the spectrmn. These lines 
are arranged in so complex a manner that each of the 
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atronger Unes, and every group of faint lines, is diatinctly 
recognisable. Thus physicists speak of the strong line F in 
the green part of the spectrum, of the double line D in the 
orange part of the spectnim, of the group of seven lines in 
such and such a part of the spectrum, and so on. These 
lines never vary in arrangement or position. Corresponding,' 
lines are seen in the spectra of the stars ; the spectra vary 
among themselves, but each spectrum remains constant as 
respects the arrangement of its distinctive lines. But note 
also that, although different stars have different spectra, yet 
these variations arise merely from the fact that certain lines 
are present in one spectrum and wanting in another, or 
vice versa. The lines which do appear are the same lines 
which have been measured in the solar spectrum. Thus a 
physicist will say — In the spectrum of such and such a star 
the lines B, D, and F are well seen ; the existence of C and 
E is suspected, but these lines are very feint ; G and H are 
not seen. He knows that these lines are the same ^ those 
in the solar spectrum, either because he has carefully esti- 
mated their position, or because he has brought the star's 
spectrum into direct comparison with the spectra of certain 
terrestrial elements in which these lines appear. 

Now here we have at once a most delicate means of de- 
tecting stellar movements of approach or recession. If in the 
spectrum of a star we can see a recognisable group of lines, 
or a line recognisable by its strength, and if in any ■way we 
can prove that this line does not hold the exact position 
which it has in the solar spectrum, then the change of 
position must be looked upon as due to the star's motion 
towards or from the Earth. The shifting of the spectrum 
bodily, which, as we have seen, produces no change what- 
ever in the star's colour, brings all the lines into new , 
positions, and any one line, marked enough for ready exami- 
nation, suffices as well as a hundred to determine the 
existence of such a change. 
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We need hardly say, however, that the inquiry, even 
under these &vourable circumstances, is one of extreme 
delicacy. In the ordinary prismatic Bpectnun the change of 
position would be wholly inappreciable, and the eminent 
physicist who has just succeeded in solving the problem in 
the case of the starStriue, had to make use of a spectroscope 
having a dispersive power seven times as great as that of a 
single equiangular prism of crown glass, in order sufBciently 
to magnify the variation in question. This gentleman. 
Dr. Huggins, came to the examination of the problem we 
are considering, with a large amount of experience in 
spectroscopic researches ; yet it was a problem of such ex- 
treme difBculty that much time was expended and many 
experiments were made before he could conduct his inquiry 
to a successful issue. 

Dr. Hu^ins first satisfied himself that a certain con- 
spicuous line in the spectrum of Sirius corresponds to the 
line F in the solar spectrum. This line also appears as a 
bright line in the spectrum of the light of hydrogen. The 
spectra of Sirius and of incandescent hydrt^en were then 
brought side by side for direct comparison. With the 
powerful dispersing spectroscope made use of by Dr. Huggins, 
the line F in the spectrum of Sirius was found to be 
separated by about one two-himdred-and-fiftieth part of an 
inch from the corresponding line in the spectrum of hydro- 
gen. The displacement was towards the red end of the 
spectrum, so that it indicated a motion of recession between 
the Earth and the star. 

Now the displacement having been measured very ac- 
curately, we are enabled to calculate the rate at which Sirius 
is receding firom the Earth. The observed alteration is found 
to indicate a recession at the rate of 41-4 miles per second. 
But we must consider the Earth's motion also, because she 
moves BO rapidly around the Sun as largely to affect the 
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apparent motioos of recession or approach which the stars 
may have with respect to her. She travels around her orbit at 
a mean rate of about eighteen nailes per second. At the time 
of Dr. Hu^ns's observation the direction of the Earth's 
motion was such that she was receding from Sinus at the 
rate of about twelve miles per second. Deducting this 
velocity &om the total rate of recession, it results that 
Sirius is receding from the Earth at the rate of about 29^ 
miles per second, or about 930 millions of miles annually. 

Two circumstances have to be considered, however, before 
we can look upon the actual motion of Sirius as determined. 

It has been calculated that the Sun, with its system of 
attendant orbs, is speeding through space at the rate of 150 
millions of miles per year. And it happens that the point 
in space towards which the Sun is moving — which lies in the 
constellation Hercules — is almost exactly opposite the con- 
stellation Canis Major in which the star Sirius is situated. 
Therefore we must diminish the above-mentioned motion of 
recession by nearly the whole amount of the Sun's proper 
motion, leaving to Sirius a proper motion, of receeaion of 
about 780 milliona of Tniiea per annum. 

Lastly, we must consider the transverse proper motion of 
Sirius. It follows from Henderson's estimate of the distance 
of Sirius (lately con6rmed by the researches of Mr. Cleveland 
Abbe) that the star has a transverse motion of about 450 
millions of miles per annum. Combining this motion with 
the star's motion of recession, we deduce an actual velocity 
through space of upwards of one thousand millions of miles 
in a year, or about thirty-three miles per second. 

But it is rather from what is promised than from the in- 
formation which has actually been obtained, that the process 
of inquiry so successfully pursued by Dr. Huggins derives 
its chief interest. Doubtless the discovery that the 
brightest star in the heavens is speeding onward with so 



,.,.d,i. Google 



NTWS FROM SIEICS. 279 

enormous a velocity through space iB in itself well deserving 
of our attention. But if it shall become possible — and we 
see nothing in the nature of things which should prevent it 
— to determine In the same manner the motions of recession 
or approach of all the stars visible to the naked eye, then we 
shall have a fund of knowledge from which many most 
important &cts respecting the economy of the stellar system 
cannot fail to be deduced. 

For, let UB consider the nature of the knowledge which 
astronomers had already gleaned respecting stellar motions, 
and the use to which they had applied that knowledge. 

They had obtained exact estimates of the apparent motions 
of the stars — or what is termed their proper motion — upon 
the celestial sphere. But, at first sight, these estimates 
appear almost valueless, so far as our views respecting the 
true motions of the stellar imiverse are concerned. For, 
first, as we have already mentioned, the motion thus indi- 
cated in any case might in reality be but a small portion of 
a star's true motion. And further, unless a star's distance 
be known, the determination of the proper motion affords no 
indication whatever, even respecting the star's true trans- 
verse motion. Now there are not twenty stars in the whole 
heavens whose distances from us have been estimated in any 
way, and there are not ten whose distances can be said to 
have been satisfactorily determined. Nor is there much 
probability that the list will ever be greatly extended. For, 
the distances of the fiaed stars are so enormous that the 
powers of our best instruments and the skill of our best 
observers are tased to the utmost to obtain — even in a few 
favourable instances — any information whatever respecting 
the minute and almost evanescent shifting of position on 
which the determination of a star's distance depends. 

And yet from the consideration of the imperfect informa- 
tioD afforded by the stars' apparent proper motions, astro- 
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oomerB have been able to deduce one of the most interesting 
aBtronomical diBcoveriee yet effected. They have learned 
that the Sun with hia attendant BjBtem is Bpeeding onwards 
through space, in a certain direction which they have been 
able to assign, and at a rate of no less than 150 millions of 
miles per annum. A law also, affecting the general Bystem 
of stellar motions, has been guessed at, and has been con- 
sidered by many eminent aetronomers to be BUpported by 
sufBciently satiBfactory evidence. It has been supposed 
that the proper motions of the stars indicate a vast aeries of 
orbital motions around a point in space which does not lie 
very far from the star Alcyone — the principal star of the 
Pleiades. I am not putting forward this supposed law aa 
standing by any means on a similar baBiB with the £ict of 
the Sun's onward motion through space. Indeed, I think 
that the researcheB on which the law has been founded are 
far from being sufficient to establish such an hypothesis. 
But what I wish to dwell upon is the circumBtance that the 
observed proper motions of the stars, imperfect as is the 
evidence they afford, have yet led to the discoveiy of one 
important fact, and to the attentive consideration of a yet 
more important law of stellar motion. 

But now, if the method which Dr. Huggins has begun to 
apply should be extended to all, or even to a large propor- 
tion of the fixed stars, what important conclusions may. we 
not hope to see deduced from such observations. For, in the 
first place, the motions of the stars directly towards or fi:t>m 
us are quite as significant as their transverse motions; 
secondly, we shall know more about the former motions than 
we have ever been able to learn about the latter ; and lastly, 
neither kind of knowledge considered separately could 
possibly lead to such satisfactory results aB we may hope to 
gather from the knowledge of the actual motions of the stars 
through space. There, now really seems a promise tJmt one 
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day Bomething may come to be learned respecting the move- 
meots of the sidereal mechaniBm. The constellations which 
now seem to be scattered without discernible law over the 
vault of heaven may be forced, perhaps, to reveal to us their 
secrets, the law of oi^anisation which binds them into a 
system, the paths along which their component stars have 
been travelling before they reached their present position, 
and those along which they are to travel for many future 
ages. Meantime long processes of patient labour and 
systematic observation lie before the astronomer. Xot in 
■our day, nor perchance for many generations, will the 
Copernicus of the stellar system appear ; and for him 
astronomers will have to lay up during those long years a 
rich store of materials. ' How much,' says Sir John Herschel, 
' is escaping us 1 And how unworthy is it in those who call 
themselves philosophers, to let the grand phenomena of 
nature — those slow but majestic manifestations of the power 
and glory of God — glide by unnoticed and drop out of 
memory beyond reach of recovery, because we will not take 
the pains to note them in their unobtrusive and furtive 
passage, because we see them in their everyday dress, and 
mark no sudden change, and conclude that all is dead 
because we will not look for signs of life, and that all is 
uninteresting because we are not impressed arid dazzled. To 
say indeed,' he adds, 'that every individual star in the 
Milky Way is to have its place determined and its motion 
watched would be extravagant ; but at least let samples be 
taken — at least let monographs of parts be made, with 
powerful telescopes and refined instrumente — that we may 
know what is going on in that abyss of stars, where at present 
imagination wanders without a guide.' 

Fnuer't Ma^annt for October 1868. 
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EQUAL-SURFACE PROJECTIONS OF THE GLOBE.' 

In this paper the term ' projection ' is to be understood in 
the sense used in mapping — viz. to signify any method of 
construction by which the meridians and parallels of a map 
may be laid down. 

Since it is impossible to represent any portion of a globe 
without distortion, the map-maker seeks to satisfy the condi- 
tions which seem most important for the particidar purpose 
he may have in view. Thus he may propose to himself the 
coustructioD of a map in which distances measured from the 
centre, or along a latitude-parallel, shall he correctly given, 
as in the equyUatant projection, and in Flameteed's pro- 
jection, respectively ; or in which errors of distance shall be 
distributed as equally as possible ; or he may aim chiefly to 
obtain correctness of shape, either in lai^ figures — a problem 
approximately solved in the conical projection, or in small 
figures, a problem completely solved in the atereo^apkic and 
Mercator's projections, and which may be solved in an in- 
definite niunber of ways ; or, again, he may propose that 
certain lines on the globe shall be represented by straight 
lines in the map — as great circles and rhumb-lines, for in- 
stance, are represented in the giiomonic and Mercator's pro- 
jections respectively. These and many other problems may 

* The following esiay, thon^ not strictl; asUoaominl, ii introduced hen 
SB lUoatrating the method of charting vhidi I bare used in diacauiug ihc 
lam of BtelloT and Qebuloi diitributioa. 
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be pro{>osed, and maps constructed to fulfil such conditions 
will have a special value for special purposes. The problem 
I now propose to esamine is that of the construction of maps 
in which equal areas on the globe shull be represented bj 
eiiual areas on the map. M. Babinet, who first proposed 
Buch a construction, called it the hojiwlographic projection 
of the globe ; the term iaograpkic seems preferable, how- 
ever. 

It is stated in Nichol's * Cyclopeedia of the Physical 
Sciences,' that Cauchy, the celebrated mathematician, solved 
Babinet's problem, though it is not easy to see what difficulty 
Babinet could have found, since the problem admits of many 
simple solutions. I am unable to say whether Cauchy's 
solution corresponds with any of those I am about to indicate. 

The advantages of isographic projection for special pur- 
poses are obvious. Maps thus constructed are not necessarily 
much distorted ; but of course when the whole of the 
sphere is represented in a single projection, as in the figures 
which illustrate this article, the distortion is very great in 
parts of the map. 

The method illustrated in Fig. 15 results from the solution 
of the following problem: — Two neighbouring latitude- 
parallels being taken, including between them a very narrow 
belt of sur&ce, required to find a point on the polar axis 
from which this belt would be projected into a ring of equal 
area on the north-polar tangent-plane. The solution of this 
problem gives a formula from which it results that each such 
belt must be projected from a different point ; " in other 
words, that there is no single point for which any finite area 

* The fortnnl& ia r a 2 r( I + rDa ') whore r U the ladios of the sphere, X the 

mid-ktitode of the belt, and x the distancs of the point of projection fDr the 
belt, trom the north pola of the sphera. The plan had already been described 
by Sic John Herachat in his noble Tork, Obiemitiom made at the South Capa. 
I was not aware of this, however, whsn 1 wrote the abovs lines. 
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of the globe can be iac^^phically projected. But the com- 
plete projection can be obtained in an elegajit manner by a 
Bort of double (true) projection. Imagine a hemispherical 
shell of twice the radius of the sphere standing on the centre 
of its curved sur&ce upon a horizontal table ; let the sphere 
be placed within the hemisphere, the north pole of the sphere 
coinciding with the point of contact of the hemisphere and 
table, so that the axis of the sphere is vertical, and the south 
pole coincides with the centre of the hemisphere. Now sup- 
pose both the sphere and the hemispherical shell to be trans- 
parent; the meridians, continent-outlines, &c., on the sphere 
opaque ; and that a luminous point placed at the south pole 
of the sphere, casts shadows of the opaque lines upon the 
hemispherical shell; then, if these shadows be traced in 
opaque lines, and the luminous point be removed vertically 
upwards to an indefinite distance, the lines traced on the 
hemisphere will be ortkographioally projected as shadows 
upon the plane table. Now it is easy to show that any small 
area on the sphere is increased by the first process, and the 
increased area diminished in the same proportion by the 
second process, so that the area of the final projection is 
equal to the true area on the globe— in other words, the final 
projection is isograpkic. 

The construction for this projection is simple. If the 
meridians and parallels are to be drawn to every tenth degree, 
proceed as follows : — Describe a circle with a radius equal to 
twice that of the globe to the scale of which the projection 
is to be drawn ; divide the circutoferenee to every fifth 
degree ; draw a pencil-line from the centre to one of these 
divisions, and a series of other pencil-lines — ^which will cross 
the first at right angles — connecting divisions equidistant 
from the first on either side of it ; describe circles concentric 
with the first through the points in which the first straight 
line is crossed by the others — these are the paraUela ; and 
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lastly, draw straight lines from the centre to alternate divi- 
sions round the outer circle — these are the meridiami. In 
other words, if we omit alternate meridians in the polar 
orthographic projection of the meridians and parallels of a 
hemisphere to everj fifth degree, we have the meridians and 
parallels of the polar ieographic projection of a complete 
sphere to every tenth d^^ree. We may now darken the 
middle parallel, which represents the equator, mark in the 
tropics and arctic circles in their proper places, as shown hy 
the dotted circles, and draw in the continents and islands 
according to their proper longitudes and latitudes. It is 
convenient also to darken two meridians at right angles to 
each other ; for this purpose we may select the meridian 
separating the old and new hemispheres (so called) from 
each oLher, and the meridian at right angles to the former. 
In other words, the darkened meridians and parallels of 
Fig. 15 (as of the other figures) correspond with the cir- 
cumferences and the horizontal and perpendicular diameters 
of the maps of the two hemispheres commonly given in our 
atlases. 

The method illustrated in Fig. 16 is an extension of Flam- 
steed's projection to the whole globe. The construction is 
simple : a series of equidistant parallels represent the 
parallels of latitude, a perpendicular cross-line representing 
a meridian bisects all the parallels, which are made equal 
in length to the actual parallels on a globe of the scale of the 
figure, the distance between them being also equal to thft 
true distance separating successive parallels on such a 
globe. The parallels being divided into equal parts, corre- 
sponding points of division are connected hy curved lines 
representing the meridians, as shown in Fig. 16, in which 
meridians and parallels are laid down to every tenth degree. 
It is obvious that this projection is equigraphic, for the 
spaces near the central meridian represent the corresponding 
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spaces on the globe both in size and shape, and all the Bpaces 
between any pair of parallels are equal, though they vary in 
shape, for each may be divided into two unequal triangles, 
and we see that the greater and less triangles of any one 
space are equal to the corresponding triangles of another, 
since they have equal bases, respectively, and lie between the 
same parallels. 

The last method is founded on the property that if a 
sphere is enclosed in a cylinder, any two planes parallel to 
the base of the cylinder enclose between them equal belts of 
surface of the sphere and cylinder. Now, suppose that the 
polar axis of a globe ie the axis of the enclosing cylinder, 
and that this axis is luminous, but can only emit rays of 
light at right angles to its own length ; then, if the meridians, 
continent>-outlines, £c., are opaque and the sphere trans- 
parent, shadows of these lines will be cast on the enclosing 
cylinder, the points on each parallel of latitude being pro- 
jected in the plane of their parallel, owing to the supposed 
peculiarity of the luminous axis. If the cylinder be now 
opened along a line parallel to its axis and unrolled, we shall 
obtain the isographic projection represented in Fig. 17. 
The construction is simple. Taking a horizontal cross-line 
to represent the equator, and therefore equal in length to the 
circumference of the globe, we divide it into equal parts and 
through the points of division draw perpendiculars repre- 
senting the meridians ; these must be equal in length to the 
diameter of the globe, and must be bisected by the equator. 
On the outside meridians describe semicircles (in pencil), 
and divide their circumferences into half as many equal 
parts as the equator was divided into, and through corre- 
sponding points of division draw parallels to the equator ; 
these represent latitude-parallels, and in Fig. 17 meridians 
and parallels are drawn to every tenth degree. 

There are many methods by which the globe may be iso- 
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graphically projected; the three j list described are, however, 
the simplest in construction, and, Id some respects, the best 
that can he devised. The qualities of these projections, and 
the purposes which maps formed upon them are beat suited 
to fiilfil, are different. 

In the first projection we have a very accurate map of the 
north polar regions ; the northern hemisphere is presented 
without great distortion, but all the outlines of the southern 
hemisphere are much distorted. The projection can, of 
course, be applied to the southern quite as well as to the 
northern hemisphere ; however, as the greater portion of the 
land lies north of the equator, the northern is obviously the 
proper pole for the centre of the projection, if only one map 
is to be drawn. It is not advisable to present the northern 
and southern kemispkerea iu two maps, since one of the 
chief advantages of this as of most polar maps, is that it 
indicates the connection between the different parts of the 
globe. It would be well, however, supposing maps of tliia 
sort were to be introduced into atlases, either to give two 
maps of tlie complete sphere, or at least to supplement the 
north polar map with a map of southern regions &om the 
pole to the tropic of Capricorn. 

Such a map as Fig. 15, on a suitable scale, would form a 
useful addition to works on physical geography. Consider, 
for instance, the following extracts from Humboldt's 
' Cosmos : ' ' The superficial extent of dry land, compared with 
that of the liquid element, is as 1 : 2*8, or according to Rigaud, 
as 100 : 270.* The islands form scarcely one twenty-third 
part of the continental masses, which are so unequally dis- 
tributed that the northern hemisphere contains three times 
as much land as the southern, which is pre-eminently oceanic. 
.... The liquid element predominates equally in the space 
comprised between the eastern shores of the old and the 
* According Co oUien, 100 : 2B4. 
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■western shores of the new continent, where it is only inter- 
rupted hy a few scattered groups of islands. . . . The 
Bouthem hemisphere and the western, from the meridian of 
Ten«riffe, are therefore the most oceanic portions of the 
globe.' ' The two great iastdar masses or continents — eastern 
and western, old and new — present some striking contrasts, 
and, at the same time, some analogies worthy of notice. 
Their major axes are in opposite direetious ;' the eastern ex- 
tending from east to west, the western irom north to south, 
roughly. ' On the other hand, both contineste are terminated 
towards the north, nearly on the seventieth parallel ; and 
towards the south run into pyramidal terminations, having 
submarine prolongations indicated by islands and shoals.' 
Some of these remarks, it will be noticed, are satisfactorily 
illittitrated by a map on Mercator's projection, others by any 
map on an isographlc projection ; but the polar isographic 
projection is the only satisfactory illustration of the complete 
series of remarks. 

I may notice, in this connection, a remark of Humboldt's, 
which illustrates the singular liability even of the best ob- 
servers to error when intent on establishing a &vourite view. 
Humboldt, in labotmng to establish the prevalence of law in 
the fignration of the continents, adduces the following in 
stance : — ' We perceive^' he says, ' that the terminations of 
the three continente, i.e. the southern extremities of Africa, 
Australia, and America, successively approach nearer to the 
South Pole;' apparently not noticing that three promon- 
tories round a globe must necessarily exhibit sueh successive 
approach, either in an easterly or westerly direction. In 
&ct,.the arrangement actually observed is exactly that which 
seema least indicative of law, since the points of Africa and 
America, which are those separated by the shortest difference 
of longitude, are also those which differ most in latitude. A 
law might seem to be suggested if Africa extended to a 



,.,.d,i. Google 



290 ASTBONOHICAL ESSATS. 

sonthem latitude intennediate between the latitudes limiting 
Australia and South America, or (in a less d^ree) if South 
America extended to a latitude intennediate between the 
latitudes limiting AoBtralis and Africa. In either ca«e, 
bowever, the certainty that the three points most lie in 
order would be euffident to weaken any evidence founded on 
the different distances (in longitude) between them. Hum- 
boldt adds, that ' New Zealand seems to form a r^ular 
intermediate member between Australia and South America.* 
But if New Zealand is to be considered in such an inquiry, 
then Madagascar, which is lai^r than all the New Zealand 
islands t(^ther, must also be considered ; and the assumed 
law is not followed in the case of Madagascar. If it be 
argued that Madagascar is clearly only a * submarine pro- 
longation ' of Africa, it may be answered that it is quite aa 
clear that Australia itself^ and all the islands of the Australian 
Polynesia, are only submarine proiongations of the Asiatic 
continent (see Fig. 15).' 

Such a projection as that of Fig. 15 is especially adapted to 
illustrate works on the physical geography of the sea, since 
the correct presentation of areas is obviously important in 
illustrating the subjects treated of in such works ; and it is 
also important that currents, tidal wave-fronts, tracJcs of 
ships, &C., should be presented without the breaks which 
occur in maps on Mercator's projection. There are many 
passages, for instance, in Maury's 'Physical Geography of 
the Sea ' which se^u to require the illustration afforded by 
maps on the polar isographic projection. I will select one 

Itiiia;beDotie«d thit Uie matbemftticft) chanMof fonipromentoriesnniDd 
■ globe fDTming a regolar progresnoD, ai ther in an Mat«^ or weaterij diKCtJon, 
ia {id, of fiva -^, of nx ^, and ao on ; the chance of n promontoriea fbrmlng 
■nch a pngreaaion, in uther way, being .,_, , where jj^l means the eootinoed 
product of Aa natural oDinbera tiom I to n — 1. In other wotda, tlia 'odda' 
■gaintt thPM reapeetiTe erenta an 2 to 1, II to 1, fi9 to I, and f| l"-' — t) to 
1, napactLTelj. 
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on a subject of some interest. In this case the illiuttration 
afforded b; the north polar map is such as to throw doubt on 
concluBione, which, judged by Mercator'a chart, seem suffi- 
ciently plausible : — 

In the earlier editions of this interesting work Captain 
Maury had expressed the opinion that there exists 'a basin 
of considerable extent in the Frozen Ocean, supplied by water 
coming in at the bottom, and rising up at the top, with a 
temperature not below 28°, the freezing point of sea-water.' 
He cited in evidence the &cts that ' whales have been taken 
near Behring's Strait with harpoons in them bearing the 
stamp of ships cruising on the Baffin's Bay side of the 
American continent ; ' that ' icebergs high above the water,' 
and therefore extending more than seven times as far below 
the sur&ce, 'have been seen drifting rapidly northwards 
through Davis' Strait against a strong sur&ce current,' * 
showing l^at there is a powerful under-current towards the 
Korth Pole ; that De Haven saw a ' water-sky ' northward and 
westward from Wellington Channel ; and, lastly, that the 
birds and animals of arctic regions migrate iwrthwarde in 
search of milder climates. This last circumstance, by the 
way, does not afford such strong evidence as at first sight it 
appears to do, since, owing to the peculiar disposition of the 
autumn and winter isotherms, a course very nearly northerly 
would in many cases be the proper course for arctic birds 
and a n i m» l g seeking the nearest spots combining a suitable 
climate with the conditions suited to the existence of these 
creatures. For instance, the shortest course from Parry 
Islands to Spitzbeigen, with its comparatively mild winter 
climate, would pass very near the North Pole. However, it 
may be considered as established, that (in summer certainly, 

• Even in midwintar. Thus Captaia DnncsD, of ths whale-ship ' Dundee,' 
writes—' December 18th (1S26). It «u awful to behold the immeDBs icebei^ 
working their waj to the north-eaat from us, aad not one drop of water to be 
(c«n : they were working themselves right through the middle of the ice.' 
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and possibly in winter) large open aeas exist in the arctic 
legions. 

But in treating of this subject in later editions, Captain 
Maury has gone much further, as the following extract 
shows : ' Dr. Kane reported an open aea north of the parallel 
of 82°. To reach it his party crossed a barrier of ioe 80 or 
100 miles broad. .... Passing this ice-bound region by 
travelling north, he stood on the shores of an iceless sea, 
extending, in au unbroken sheet of water, as Ear as the eye 
could reach, towards the North Pole, Its waves were da^ng 
on the beach with the swell of a boundless ocean. The tides 
ebbed and flowed in it, and I apprehend tiiat the tidal wave 
from the Atlantic can no more pass under this icy barrier to 
be propagated in seas beyond, than the vibrations of a 
musical string can pass with its notes a " &et " upon which 
tbe musician has placed his finger Theae tidet, there- 
fore, mvxt have been bom in that cold eea, having their 
cradle about the North Pole ; and we infer that moat, if not 
all, the ttnexpiored regions about the Pole are covered loitk 
deep water ; for were this unexplored area mostly land, or 
ehaUov) water, it could not give birth to regular tidee.^ 

It may be true, though it seems far from probable, that a 
vast arctic ocean occupies all the "unexplored regions near 
the North Pole : but the ' birth of tides in that cold sea ' is 
certainly not established by the evidence adduced. Beferriog 
to Fig. 15, tlie reader will see, to tlie left of the central dark 
meridian, a strait, opening infu the arctic regions within the 
eightieth parallel. It was here that Dr. Kane saw au open 
sea extending as far as the eye could reach to the north and 
north-east, with land (the most northerly yet seen) in the 
north-west. About as far to the right of the dark meridian, 
and just south of the eightieth parallel, is the island of 
Spitzbergen ; above, on the next dark meridian, is Nova 
2embla ; beyond that again, Liakhor Island, about as &r 
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firom Behring'a Strait (between Aeia and America) on the 
Asiatic side as are the Parry Islands on the American eide ; 
and nest to the Fany Islands ie tlie strait from which we 
started. Now it is necessary, for the purposes of Maury's 
argument, that it should be proved that there is no com- 
munication between the place reached by Br. Kane and the 
Atlantic Ocean on the one side, or the Pacific Ocean (through 
Behring's Strait), on the other ; in other words, that a land- 
locked or ice-botmd ocean surrounds the North Pole, and that 
this ocean is so large that the attractions of the Sun and 
Moon on different porta of it are sufficiently tmequal for tie 
generation of tides.* Now it seems clear to me that even if 
the whole of the unexplored regions about the Pole were 
covered by a deep land-locked ocean, yet no appredable tides 
could be generated in an ocean so situated. But an arctic 
(land-locked) ocean must be much more contracted ; for 
Captain Parry sailed on an open ocean between Liakhov 
Island and the Parry Islands, and Captain M'Clure proved 
that sea communication exists between Behring's Strait and 
the Parry Islands. Therefore any land or fixed ice locking 
the supposed arctic tidal ocean on this side must lie within 
10° or 12° of the North Pole. But a for stronger argument 
against Captain Maury's view may be derived from the 
results of Sir E. Parry's celebrated sledge excursion from 
Spitsbergen ; for although Parry saw no open sea north of 
the eighty-first parallel, yet his expedition proved the exist- 
ence of open sea as far north as the eighty-fifth parallel (at 
least) ; and therefore not only contracted to this extent the 
space within which a land-locked arctic ocean (if any exist) 
must be confined, but established the probability that open 
sea communication exista between the Atlantic and the point 
reached by Dr. Kane. 

* It is deotl; only by such inequality of atlractian tJiut liilea can be gene- 
nt«(l in a land-loeknl poUr sea. 
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Let US see how these results maybe deduced from the veiy 
circumstance which led to Parry's failure. Starting frxim 
Spitzbergen in the boats 'Enterprise' and 'Endeavour,' the 
expedition sailed northwards for three days ; hut ice gradually 
gathering round them, they commenced a 'boat and sledge' 
journey over a vast body of ice. After five'weeks of labour, 
during which tbey travelled 290 miles northwards, they 
found that the distance from the starting-point was only 172 
miles, the southerly drift of the whoUjidd of tee over which 
they had been laboriously tracking their way having carried 
them back 118 miles! They had reached latitude 82}° 
north, and they could see no sign of clear water in any 
direction. Now, remembering that an experienced arctic 
sailor can detect a ' wat«r-sky ' long before open water 
can be seen, we may safely assume that the field over 
which they had travelled so far extended fully fifty 
miles farther north, and as tar to the east and west. But 
this is not all. The point they had reached must have been 
118 miles farther north when they started, since the whole 
field had travelled southwards by that amount. Therefore 
the open sea communicatiiig with the Atlaviie, on which 
their vast ice-ship vr&s floating freely, had, when they started, 
extended at least 168 miles further north than latitude 82}°, 
or further north than the eighty-fifth parallel (half-way 
between Spitzbergen and the Pole — see Fig. 15). It was 
precisely in this direction that Dr. Kane saw open water as 
far as tlie eye could reach — say twenty or thirty miles. The 
fact that BO lai^e a field, probably extending at least 100 
miles from east to west, drifted freely for 1 18 miles, seems to 
prove that the sea on which it floated is deep, for otherwise 
islands or shallows would probably occur which would check 
the motion of large fields of floating ice. In fact, the 
voyages of Hudson (1607), Bucban and Franklin (1818), and 
Scoresby (1806) had sufficed to establish the probability that 
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a vast offshoot of the Atlantic valley extends far towards the 
North Pole ; and it vas in this sea, in latitude 76° north, 
that Dr. Scoresby sounded to the depth of more than a mile 
and a half without finding bottom. It eeems, therefore, &r 
more probable (to say the least) that open sea communication 
exists in summer between the point reached by Dr. Kane and 
the great sea that washes the shores of Iceland and Spits- 
bergen — in other words, that Greenland is an island — tiian 
that the tides seen by Kane were bom in a land-locked 
arctic ocetm, and had their cradle near the North Pole. 

There are several purposes for which the projection of 
Fig. 16, independently of the advantage it possesses as an 
iB(^;niphic projection, seems better suited than Mercator's. 
For instxince, it would exhibit isothermal Unes, lines of equal 
mean barometric pressure, and other such lines, more cor- 
rectly both as respects their length, and as respects the 
distances between successive lines. 

The projection of Pig. 17 has the advantage of simplicity 
of conBtmction, and the map being divided into rectangular 
areas, it is easy to determine, by a few simple measurements, 
the areas of continents, countries, oceans, or seas. 

Any other point might be adopted for the centre of the 
projection of Fig. 15, but the construction for the meridians 
and parallels would no longer be simple. The same remark 
applies to the projections of Figs. 16 and 17, if any other great 
circle than the equator is adopted for the central line ; but 
of course any other meridian may be assumed as the central 
meridian without varying the construction. 

One other point remains to be noticed. If the distances 
between successive meridians were uniformly diminished in 
any of these projections, so that Fig. 15 became a sector 
instead of a circle, and Figs. 16 and 17 were uniformly 
contracted horizontally on both sides of the central meridian, 
the projections would still be isographic For special nui- 
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poses such chaugee may be useful. Some arrangementfl of 
Fig. 15 ma; be noted in purticolar. I^ instead of a complete 
circle, a semicircle be divided into thirty-six equal angles, 
the paralleb remaining unchanged, the spaces near the 
equator will have very nearly their true figure, and the 
distortion near the South Pole wilt be diminished by one-halt 
This semicircle can be formed into a cone by bringing 
together the bounding radii (considering the semicircle as a 
sector), and the connection between different parts of the 
globe can Ijius be indicated as clearly as in Fig. 15. But a 
still better represeutatioa of the globe may be formed by 
taking two equal sectors of about three right angles, dividing 
each into thirty-six equal angles, describing parallels up to 
the equator, and drawing in the continent^^utlines of the 
northern hemisphere in one sector, and of the southern 
hemisphere in the other. If the two sectors be formed into 
cones,* and these joined along the equator, an isographic 
representation of the globe on a double cone will be formed, 
the vertices being the Poles. The construction of tJiese 
figures, or of others formed in a similar manner firom sectors 
of varying angles (or constructed on other projections), 
would form an interesting and instructive employment for 
the young geographer, 

IhtelUeiual Obitrver for Jnlj 1S66. 



* The vertical angle of either cooe will be a right angle, if the angle of either 
■ectoT ia 2S4^°. In t^is ense the axis of the double cone Till be equal in length 
to the diameter of the equator, and the diitortion irill not, be tbi; greitt in an; 
part of the projection. In tlie cue Gmt conaidered (of a eemieiide) the Tartical 
angle of the cone would be aO°. 
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A NOVEL WAY OF STUDYING THE STARS. 

The celestial depths have been studied during many ages, 
and bj means of various instruments. They have been 
mapped and charted and guaged, and the laws according to 
which the stars seem to be distributed have been carefully 
studied with the object of determining the real arrangement 
of these orbs throughout space. But so far as I am aware 
it has never yet occurred to astronomers to apply to the study 
of the heavens two simple and perhaps insignificant instru 
menta, by means of which I have lately been endeavouring 
to elucidate the subject of stellar distribution. I -think I 
may safely claim to be the first who has sought to interpret 
the secrets of the heavens with the aid of a pair of scissors 
and a trustworthy balance. 

Lest the reader should be tempted to dismiss at once all 
consideration of such trivial methods of research, let me re- 
mind him, in passing, that these simple instruments have 
already been employed to solve an important problem of ter- 
restrial physics. All our books on geography speak of the 
proportion between the oceans and the continents of otur 
Earth, but the simple contrivance by means of which this 
proportion has been determined is not so commonly men- 
tioned. On a reference to Humboldt's Coamoa it will be 
found that the method of procedure was as follows : — From 
the strips of paper intended to cover an ordinary terrestrial 
globe the parts representing land were carefully cut out with 
a pair of scissors ; they were then placed in a delicate balance 
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and weighed ; the same was next done with the remainder of 
the paper — that is, the part representing oceans. The relar 
tion between land and sea aur&ces followed at once firom the 
relation between the observed weights of a few seemingly in- 
significant scraps of paper. 

It had long since occurred to me that a similar method 
might be applied to the strips of paper intended to cover a 
celestial globe. One could thus determine the relative rich- 
ness with which stars are spread over certain r^ons of the 
heavens, or ascertain the actual extent of such regions as 
the Milky Way, the great nebular districts, and so on. 

But there was one objection to the plan. It was rather 
costly. We can readily obtain a copy of Messrs. Malby'a 
Star-Atlas, in which the strips for covering a giobe are in- 
cluded ; but when we have this valuable work we are scarcely 
disposed to cut up the beautifully engraved mape. Tfor, 
again, is it easy when a number of small portions of the 
heavens are thus presented in different maps to complete the 
process of dissection by which the extent of different regions 
is to be determined. And then there is not, as in the case of 
a terrestrial globe, one question only to solve ; there are half- 
a-dozen at least, and each would involve the sacrifice of a 
&esh atlas. 

Fortunately, there is a way of getting over this difficulty. 

It is possible to map a hemisphere — nay, the whole heavens 
if we will — on a plane sur&ce, in such sort that every space 
on the heavens shall cover its true relative proportion of the 
map. This mode of mapping is not at all suitable for the 
ordinary purposes which maps are intended to subserve ; for 
this true representation of superficial proportion is secured 
only by introducing a very marked distortion of the shapes 
of different regions. Everyone knows how strangely dis- 
torted the British Isles are in an ordinary map of the ea6t«m 
hemisphere; hut ttese isles would be even more singularly 
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shaped in maps on the particular projection I am now refer- 
ring to. 

It is clear, however, that mere distortion is of no import- 
ance where one seeks only to determine the relative dimen- 
sions of different regions. Most fortmiately too, the plan of 
projection is a very simple one, and the constructions involved 
are remarkably easy.* 

It will be seen at once that by such a contrivance one can 
determine the relative dimensions of any part of the celestial 
sphere without sacrificing an atlas or a globe. It is necessary 
first to map down the two hemispheres, each on a large sheet 
of good paper uniform in texture. Then all the paper out- 
side each circular map must be cut away, and each map 
weighed. Of course the two maps would be of equal weight 
if each sheet were of the same thickness. But hu^e sheets 
of drawing paper, even though of the same general quality, 
often difier appreciably in weight ; and it is well, in such 
researches as I am describing, to weigh each map separately, 
eo that afterwards one can compare the weight of any 
part with the weight of the map from which it has been 
cut. 

Let it be noted, in passing, that this plan can be adopted 
for tearing the relation between land and sea surfaces ; and 
it is probable that more trustworthy results would be obtained 
by carefully drawing the northern and southern hemispheres 
on such a projection as I have described, and cutting out 
continents and islands, than by applying the same process of 
section to the numerous strips required for covering a globe. 

Let us now consider the various astronomical questions 
which the process of weighing may help to answer. 

During the last few years I have been led to recognise 

* Theis are Berenl methoda of disiriDg a map of a ccimplt>te globe, id meh 
s way that all spaces eball be presented of theii true iiflatiTe dimeuBiont. 
Sea preceding essay OD £q<'^''^"'^^ Fiojections. 
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several peculiaritieB in the diatribution of the Btare visible to 
the Daked eye, peculiarities which appear to be opposed to 
the ordinarily accepted theories respecting the sidereal system. 
For example, there is a tendency among such Btare to asso- 
ciate into streams and groups, and clustering allegations, 
covering, perhaps, several constelktions, or at least distin- 
guished, by the extent of space they cover, from such clusters 
as the Pleiades or the Beehive in Cancer. Then, again, there 
are regions of the heavens where stars are sparsely distri- 
buted, lying side by side sometimes with other regions in 
which stars are spread with unusual richness. One other 
peculiarity of this sort is in an even more marked manner 
opposed to those ordinarily accepted views according to which 
the lucid stars form but, as it were, the threshold of the great 
sidereal system guaged by the Herschels. Over the Milky 
Way, whose light, according to those views, comes from 
multitudes of stars lying at distances immeasurably exceed- 
ing those of the lucid stars, the latter yet seem spread 90 
much more richly than over surrounding regions as to surest 
the idea that in truth they are immersed amid the groups of 
feint stars whose united lustre produces the milky light of 
the galaxy. It is obviously a matter of great moment to 
determine whether this relation is apparent only or real ; 
since if it be real it follows inevitably that the feint stars in 
the Milky Way are for the most part really small and not 
merely faint from vastness of distance. 

And here, at the very threshold of the inquiry, a problem 
presented itself for solution which my new method — the 
'scissors and balance method* let it be called— was com- 
petent io solve very easily. I think there is no work on 
astronomy in which the actual extent of the celestial sphere 
occupied by the Milky Way is referred to, or in which any 
estimate of this extent is given. It is clear that by ordinary 
methods the determination of the surface of so strangely 



,.,.d,i. Google 



A NOVEL WAT OP STUDYING THE STABS. 301 

complicated a zone as the galaxy, vnth ite convolutiona and 
broken branchee, and tbose islands of ligbt and lakes of dark- 
ness pictured in Sir John Herschel's Southern Observations, 
would be a matter of great difficulty. But it is an exceed- 
ingly easy matter to cut out irom a map the part£ marked 
down as belonging to the gala:^, and to weigh those parte 
against the rest of the map- 
In this way I found that the southern half of the galaxy 
covers one-eleventh of the southern hemisphere, while the 
northern half of the zone covers one-tenth of the northern 
hemisphere. I had anticipated a different reeult, since the 
southern part of the Milky Way seems to cover a larger space 
than the northern ; but repeated trials led always to the same 
result ; and when a tracing of the two half-zones had been 
made on a single sheet of paper, the northern portion was 
always found to outweigh the southern. The fact is that the 
remarkably wide range of the Milky Way over the southern 
constellations Scorpio and Sagittarius ia more than com- 
pensated by the extensive laounce in this region. 

It follows that the whole of the galaxy covers between 
one-tenth and one-eleventh of the heavens. This I believe 
is the first estimate that has ever been formed of the pro- 
portion. 

To turn, however, to the express object of the new mode 
of research — the determination of the relative richness of 
stellar distribution in different part« of the heavens. 

It was necessary in the first place to mark in all the stars 
visible to the naked eye. There is no perfect list of such 
stars, but the British Association Catalc^:ae of 8,316 stars is 
supposed to contain all but a very few of the lucid stars. 
Removing the telescopic stars from this list — that is, all t^e 
stars below the sixth magnitude — there remain 5,850 stars 
of the first six orders. To mark in, in their proper places, 
so many as 5,850 stare is a work reqmring much time, if 
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carried out directly from the catalogue itself. Consideriug 
that the maps of hemispheres would have no value at all 
except for the particular inquiry I was upon, the labour 
involved would have been somewhat disproportioned to the 
antecedent probability that the results would be of interest. 
But for this, and my very limited leisure, the results I am 
about to present would have been obtained three or four 
years ago. The recent completion of my atlas, however, 
rendered it possible for me to mark in the 5,850 stars on the 
projections of the two hemispheres much more eaeUy and 
quickly tbsa if I had worked directly from the catalc^ue. 

Having completed this work, I placed each map upon six 
large sheets of drawing paper, of uniform quality and tex- 
ture, and pricked ofT all the stare upon the six sheets at 
once. These pin-hole maps were to be cut to pieces, and 
their fragments weighed. It will be noticed that, as no ink 
was used in marking the stars, there was no addition to the 
weight of the paper, though I by no means assert that the 
inquiry was one of such extreme delicacy that the additional 
weight of the ink-spots would have appreciably affected the 
result. 

The first process of weighing and counting was applied to 
the Milky Way. I was particularly anxious to test the truth 
of a view which I had put forward long since, that the lucid 
stars are much more thickly strewn on the Milky Way than 
over the rest of the heavens. In meet works on astronomy 
the contrary is asserted. Sir John Herschel's clear vision 
had not failed, however, to rec<^niBe the peculiarity, and 
accordingly we find, in his * Outlines of Astronomy,' the 
expreasion of an opinion that the lucid stars do congregate 
somewhat more thickly than elsewhere, upon and near to the 
Milky Way. It is worthy of notice, though, that in his 
wonderful work on the 'Southern Heavens' (a perfect store- 
house of astronomical facts) he mentions as the result' of a 
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Rystem&tic process of inquiry, that the lucid stars do not 
congregate od or near tbe galactic zone, and that, in fact, 
the condensation of stars on that region hegins only to be 
marked and ohvions after we have passed the ninth and 
tenth orders of star-magnitude. It is very important to 
notice this seeming discrepancy. Both opinions are per- 
fectly just. If we treat the galaxy as a zone, taking a 
uniform band of the heavens along the region covered by the 
contorted and complex streams of the Milky Way, we do not 
find any aigns of greater aggregation of ludd stars either on 
the zone itself or in its neighbourhood ; and yet, looking st 
the Milky Way as it actually appears in the heavens, we do 
find signs of such aggregation. It is becanse the aggr^a- 
tion follows the contortions and complexities of the Milky 
Way itself^ while the gaps and lacunce are left relatively- 
clear of lucid stars, that both the statements made by Sir 
John Herschel are justified. The richnegs of stars on the 
Milky Way is counterbalanced by the sparseness of their 
distribution close by ; so that when we take a uniform zone 
covering the Milky Way and also its gaps and laowtUB, ws 
fail to recognise either the richness of one region or the 
poverty of the other. The indications which might guide us 
to important conclusions are placed completely out of view 
by the process of taking averages : the irregularities of the 
field we are working over and surveying are smoothed away 
just where It is most important that they Bbould not be lost 
sight of. 

Now let us see what the new method tells us as to thi» 
interesting subject of inquiry. 

We have seen that the southern half of the Milky Way 
covers one-eleventh part of the southern hemisphere. It 
contains no less than 618 lucid stars. So that if the whole 
heavens were strewn with equal richness there would be 
twenty-two times 618 lucid stars, or 13,596 instead of the 
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fl,S50 actoally obeeired. The northern part of the Milky 
Way coTeiH one-tenth of the nortbem hemisphere, and 
contaiD§ 497 stare ; bo that if the whole heavens vere strewn 
with equal richness there would be twenty times 497 stars, 
or 9,940 instead of 5,850. 

Taking the whole of the Milky Way, we find no less than 
1,115 stars in a space covering between one-tenth and 
one-eleventh of the celestial sphere. So that if the whole 
heavens were spread as richly with stars there would be 
about 1 1,650 stars, or almost twice as many as are actually 
observed. 

Bat now a very singular result has to be noticed. In the 
dark gaps and Iocutue in the Milky Way there are very few 
hicid stars indeed. There is no reason, according to accepted 
views, why lucid stars should avoid these gaps ; on the con- 
trary, they might be expected to be spread rather richly so 
Bear the galactic zone ; but, as a matter of &ct, they are 
wanting there. I weigh the ' coal sacks,' as the lactLneB are 
termed, and also the space between the two streams of the 
Milky Way where it is double, and I find that these r^ons 
cover in all about one sixty-second part of the whole celestial 
sphere. Upon them there are fotmd but twenty lucid stars. 
So that if the whole heavens were not more richly strewn with 
stars, there would be but 1,240 visible stars instead of 5,850. 

It sorely is a most significant fiict that, whereas the Milky 
Way itself is so thickly strewn with lucid stars that the whole 
heavens, spread as richly, would contain 11,650 stars, the 
lacun^B and gaps are so poverty-stricken that, were the cdes- 
tial sphere as poorly spangled with stars, we should see bat 
1,240, or less than one-ninth the former number. To under- 
stand the meaning of this result, the reader must remember 
that, according to accepted views, there is no antecedent reason 
whatever for expecting that the absence of that nebulous light 
which comes fhnn telescopic stars should involve an absence 
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of lucid stars. The telescopic stars are supposed to be very 
much further off than the lucid orbs; so that such an associa- 
tion as I have described is as surprising and unexpected as 
though the clouds on a summer sky should seem arranged in 
lines and croBS-lines, corresponding to the bars and sashes of 
a window through which we viewed those clouds. 

We have only to read Sir John Herachel's words having 
reference to the supposed proof that no such relation exists, in 
order to feel the full significance of the now established fact 
that the relation is exhibited in a very marked manner. Sir 
John Herscbel, by taking zones over the Milky Way, instead 
of the Milk J Way itself — a perfectly just course, be it re- 
marked, if only the accepted views are just — found, as 1 have 
mentioned, that ' the tendency to greater frequency, or the 
increase of density in respect of statistical distribution, in 
approaching the Milky Way, is quite imperceptible among 
stars of a higher magnitude than the eighth ' . . . and that 
* it is with the eleventh magnitude that it first becomes ccm- 
spicuous.' He then proceeds (still reasoning very justly bo 
iai as the imperfect evidence he was dealing with is con- 
cerned) : — 

' Two conclusions seem to follow inevitably from this ; viz. 
first, that the larger stara are really nearer to us (taken en 
masse, and without denyiug individual exceptions) than the 
smaller ones. Were this not the case, were there really 
among the infinite multitude of stars composing the remoter 
portions of the galaxy, numerous individuals of extravagant 
Bize and brightness, as compared with the generality of thote 
around them, so as to overcome the effect of distance and 
appear to us as large stars, the probability of their occurrence 
in any given region would increase with the real apparent 
density of stars in that region, and would result in a pre- 
ponderance of considerable stars in the Milky Way, beyond 
what the heavens really present, over its whole circumference. 
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Secondly, that the depth at which our system is plunged in 
the sidereal stratum constitutiDg the galaxy, reckoning from 
the southern surface or limit of that stratum, is about equal 
to that distance which, on a general 'average, corresponds to 
the light of a star of the ninth or tenth magnitude, and cer- 
tainly does not exceed that corresponding to the eleyenth.' 

Both these conclusions are inevitably controverted by the 
evidence given by the new method of inquiry. For it is to 
be noticed that there is no question as to which result (of 
two which seem contradictory) should be preferred. The new 
method not only supplies the j uat result, but explains how the 
erroneous result has been obtained. We have only to apply 
the new method to a zone over the Milky Way instead of to 
the actual convolutions of that stream, to obtain precisely the 
same result as that on which Sir John Herschel founded the 
two conclusions described above.* In this way, not only the 

* It ma; b# OS Tell, perhapa, for me to point out that ia thus coiniiKDtiQg 
irith perfect freedora od the TiewnofthrmostemineDt aatronomer of our daj^t ooe 
vhoie- works 1 bare read again and again vitb sver-iocieuiDg delight and 
iDstrudJuD, I take the courae which sevms to me at once the most etnJgfat- 
forword and the most lespectfal. It is do compliiuent to our great m#B 
to eiprenB objectjons to their riews in a tone impljing that tbej value their 
own opinions more than trath. It has chanced— very mnch to my surprisa 
— that I have IxHin somewhat eevt^relj. and. as I think, verj unjustly, 
rebuked by a well-known atniient of astronomy for so plainly dieoussing the 
Tiews of othiirs. To ma this criliciinn is not nwpely objectionable — it ia wholly 
unintelligible. There has never lirvd a man of scienee, however eminent— 
not Newton himself, Dor Bacon, nor Humboldt, nor Laplace — who baa not 
adopted erroneons views. In the nature of things it mnsl be so. To men of 
this stamp — to a Hentcbel. an Airy, or nn Adams— far more than to men of 
inferior attainments, the ideJ of being always in the right appeare, inde<>d, 
egregious in its absurdity. Ab facta are accumulated, it is as absolately certain 
that the views of our great men will have to be in part or wholly modified, u 
that science must be progressive and net atereotj'ped. Thai, under theso 
circumstances, it should be thought ofTeDsive to eihibit the bearingofnew 
truths upon vlowa admittedly fcrmi'd on imperfect evidence, and lo do this in 
the simplest and most straightforward manner possible, seems to me pro- 
poaterous. Certain I am that our great men have ao resaon lo ihank any who 
would speak of (hem as though their bme were a plant of tender growth which 
the breath of free discusaioD would wither. 

It may be gu^ested that new views can be put forward withont mentioniag 
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lacuntB and gape have to be added, tbeir poverty counter- 
balanciDg pro tanto the richness of the Milk; Way, but the 
singularly bare r^ong bordering on the Milky Way near 
AquUa and Cygnus, and fi'om Auriga past the feet of Gemini 
to Monoceros, have also to be included. It is plain that by 
thus combining poor and rich regions together, we get an 
apparently average d^^ree of richness for the whole sone. 
We smooth away, ae I have said, the very irregularitieB from 
which we have the best chance of detecting the true laws of 
the sidereal system. 

The inevitable inference from the evidence obtained by the 
new mode of research is, that there is some association 
between the clusters of minute stars which produce the milky 
light of the galasy, and the lucid stars which aggregate so 
richly amid those clusters. The apparent association is too 
marked not to warrant us in believing that a real associa- 
tion exists. Those minute stars are not then far out in space 
beyond the lucid stars, as had been supposed: they are, there- 
fore, not BO large as the lucid orbs, but owe their faintness to 
real relative minuteness. 

There is but one escape from this conclusion — the possi- 
bility, namely, that the observed arrangement is only due to 
an extraordinary coincidence. I shall presently have occa- 
sion to exhibit the overwhelming nature of the antecedent 
probabilities against such coincidence?, and I think I shall 
be able to convince the reader that, even as respects a single 
instance, no such explanation would be available, while the 
peculiarities of diBtribution which remain to be considered 

the viem of others. This may seem— U> those vho have nevsr bad oc<:aBioD 

to pat forward now Tiewa — to be the case. But on trial the reverse appetirs. 
It not onlj Hems moet imcoiirteouB to preaent new riews without msntioniag 
the coDlrai7 opinion of emineDt autborides, but it leads a laige nnnibpr of 
readen to eonfeire that the new rlewa are eimplj put forward in ignorance of 
the fact that this or that Buthotitf had adopted othur opinions. 
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place any interpretation by a reference to mere diance-distri- 
bation altogether out of the queetion. 

Several years since I bad noted the existence of stax- 
streams outside the Milky Way, the components of the streams 
being stars of the first five orders of magnitude. Many of 
these streams are sufBcieotly obvious to have attracted the 
attention of astronomers in long past ages — insomuch that in 
the old maps of the heavens the nature of these streams was 
supposed to be adequately represented by the introduction of 
the river Eridanue, the winding serpent Hydra, the band 
between the Fishes, and the streams fi'om the water-can of 
Aquarius. In the southern heavens the prolongations of 
some of the star-streams are singularly marked. I ventured 
to entertain the view that, contrary to the opinions hitherto 
expressed, these star-streams are not to be explained as due 
to mere accident — to the apparent association of stars at 
very different distances and not actually associated — but are 
really streams of stars in space. 

It was objected (not unjustly) by the Savilian Professor of 
Astronomy, that these streams can be 'made to go anywhere :' 
one observer might opine that a stream extended in a very 
marked way in one direction, while another would recognise 
its real prolongation along an array of stars lying in quite 
another direction. 

There is not the least doubt that this is the case. In fact 
the star-streama might be more justly described, in many 
i'netanceB,as star-reticulations; and,likeall reticulations, these 
can be traced out in many different ways. This, however, 
by no means proves that the association of stars into these 
stieamy reticulations is due to mere chance distribution. 

But it WHS huther urged that, if the streams are real, they 
ougbtto be more and more marked the farther we extend the 
process of charting — that is, the lower the orders of magni- 
tude included in our maps. Here, I must admit, I was not 
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at one with the objectora. It seemed clear to me that, on 
the contrary, the introduction of stare of the lower orders of 
magnitnde might be expected to destroy all signs of orderly 
arrangement. For it must be remembered that, according to 
my views, the sixth-magnitude stars include a number of orbs 
which are in reality small compared with the stars of higher 
orders, and also a number of stars which are faint only 
through excessive distance. And therefore it was clearly to 
be anticipated that the commingling of two seta of stars eo 
perfectly dissociated from each other would result rather in 
rendering the evidence perplexed and confusing than in 
throwing any new light on the question of the star-etreams. 
Again, even supposing that nearly all the sixth-magnitude 
stars were really smaller than those of the leading orders, 
and were intimately associated with these, it by no means 
followed that the signs of such association would result in 
making the star^treams more marked. To take a parallel 
instance: if we consider the greater branches of a tree, we 
recc^;nise at once the branch-shaped figure of the spaces they 
occupy ; but if we consider the smaller branches as well, we 
find that the general shape of the space occupied by the tree 
is no longer branch-like ; and if we extend our consideration 
to the leaves, and so com# to r^;ard the tree as a whole, we 
recc^ise the space it occupies as anytiiing but branch-shaped, 
though the branches really exist all the same. In like manner 
if we study the river system of a continent, we find the 
regions traversed by the great streams to be winding and con- 
torted, and in some sort resembling the streams which flow 
through them. But the r^ons fed by the complete river- 
system of a continent are not stream-shaped, for in f&ct they 
constitute the continent itself. So that it might very well 
happen, or rather it was to be expected, that the regions over 
which stars down to the sixth magnitude are spread with 
exoeptional richness would not resemble streams at all, but 
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(seen as they are — near and distant portions alike — projected 
on the background of the celestial sphere) would only be 
recc^^isable ae great clustering ag^r^ationa extending over 
several confiteUations. 

It waa with some confidence that such a result would 
appear that I mapped the 5,850 lucid stars contained in the 
British Association Catalogue. But there were reasons for 
feeling doubtful. Ko evidence had hitherto been obtained 
on the subject. Any one who studies the heavens themselves 
instead of maps will see at once how difficult it is to form 
any clear conception of the laws according to which the 
fainter orders of lucid stars are distributed. Nor were any 
maps in existence &om which clearer conceptions could be 
formed. 

As the work prc^ressed T found marked signs of special 
laws of aggrc^tion. These laws were of an unexpected 
character. Besides the ^^egation of stars along the Milky 
Way, already referred to, I found that two roughly circular 
regions exist, one in the northern and one in the southern 
hemisphere, within which stars are spread with greater rich- 
ness than elsewhere. The southern rich region is further 
remarkable, first on account of its extent, and secondly as 
surrounding, but not quite concentric with, the larger of the 
two Magellanic Clouds. The northern is smaller, and its 
centre lies near a singular projection of the Milky Way in 
the direction of the Lesser Bear. 

Within a week of the completion of the maps, I was able, 
in a lecture delivered at the Royal Institution, to assert 
definitely that these rich regions exist, though at that time I 
had not had leisure to construct maps suited for the applica- 
tion of the method diacussed in this paper. 

Now let us examine the results obtained by the new method 
of research. 

The rich northern region covers the constellations Cepheus, 
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Cassiopeia, Lacerta, and portions of Cameleopardalis, Cygnus, 
and Draco. It contains 622. stars, and the * balance' shows 
that it covers rather more than one-seventh of the northern 
hemisphere (more exactly, three twenty-second parts). If 
covered with equal richness the whole heavens would contain 
more than 9,050 stars instead of 5,850. 

The rich southern region is much larger. It covers, in 
fact, exactly half the southern hemisphere. The centre of 
the r^on lies between the Southern Pole and the greater 
Magellanic Cloud, so that the borders of the region lie ferther 
from the South Pole, towards EridiinuB and Argo, than on 
the opposite side towards Scorpio and Sagittarius. This 
region contains no less than 2,467 lucid stars, the surroundi- 
ing part of the southern hemisphere, though fully equal to 
the rich region in extent, containing but 893 stars, or little 
more than one-third the number contained by the rich region. 
So that if the whole heavens were bespread as richly with stars 
as the latter region, there would be 9,868 visible stars; whereas 
if they were bespread no more richly than the surrounding 
r^ions, there would be but 3,572 visible stars t 

But what makes this result even more remarkable is the 
fact that the poverty of the outer region is referable to two 
portions lying along the very borders of the rich region. 
Where the Milky Way crosses the outer region there is no 
exceptional poverty, but (as might be inferred from what has 
been already stated respecting the Milky Way) a relative 
richness of distribution. It is where the borders of the rich 
region cross Cetus and Eridanus, and again on the opposite 
side, where they approach Hydra, that the poorest r€^ons of 
the southern heavens are to be found. 

In order to render these contrasts more obvious, I cut out 
BO much of the richest portion of the rich southern region as 
covered the same extent as the small northern rich region.* 

* It ia cnDTeDient in thcsp resfarcho to deal irith Kgioni of equal extent l 
ftDil ubviouslj the new method leuia [taelf very readily to tUil requiremaiit, 
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I further cut out the two very poor regions just referred to, 
taking so much of them as covered the same extent. I thus 
had three portions of the Bouthem heavens, each (as measured 
hy weight) of equal extent ; but one richly, the other two 
sparsely strewn with stars. On counting the actual number 
of stars (or pin-holes) I found that the first contained 895 
stars, while the two latter contained severaUy but 161 and 
216. So that stars are spread more than five and a-half 
times as richly over the first as over one of the poor regions, 
and more than four and a-half times as richly as over the 
other. 

The very rich r^on here selected extends over the keel 
of the ship Ai^o from Canopus to Crux, and northwards 
towards the Greater Dog. It is of this region that the well- 
known astronomer Captain Jacob remarked that when it had 
risen above the horizon the efiect of its light could be re- 
c<^ised, even when the eye was not directed towards it, pre- 
cisely as though a young moon had risen. But it was the 
glory of the Milky Way here, and of the bnlUants Canopus 
and Sinus, that was supposed to occasion this effect, not the 
richness with which stare of the lower lucid orders are spread 
over the r^on. 

In the northern heavens the poorer regions are somewhat 
more diffiisely distributed. But there are two long and 
somewhat stra^ling regions, one extending from Corona and 
Serpens over Bootes to Leo, the other extending from the 
Dolphin, over Pegasus, the head of Andromeda, and Pisces, 
towards Orion, which are not less poverty-stricken than the 
two southern r^ons described above. Taking re^ons here 
of the same actual extent* (measured by their weight as 

■lues ODf can inip rouod thp harden of n rrgioa until its Bize haa braa radnced 
— aa meuorad by iu weight — to that of another n^on. 

• For this purpose it was necBssaiy to carry the former r«gion slighlly into 
Uic aouthem bemiiphpre. ihe o.erlapping portion citendingtobntDottwnching 
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before), I find that the former contains 175 staia, the latter 
201. It will be remembered that the rich northern region, 
though covering no greater space, contains 622 stare, or more 
than three and a-half times as many as one, and more than 
three times as many ae the other. 

If the above results be presented in a tabular form, their 
full significance will be recognised. For symmetry I add a 
northern region corresponding to the large aouthera region, 
though not covering quite half the northern heavens. It 
includes the rich northern region, and in addition part of 
Andromeda, Perseus, the Cameleopard, the Lion, the Greater 
Bear, the Northern Crown, Hercules, and Lyra. It contains 
1,420 stars, and covers five-elevenths of the northern hemi- 
sphere ; and in the following table is referred to, like the 
great southern region, as the central region of its proper 
hemisphere. The numbers in the second column represent 
the total number of visible stars which would appear over 
the whole heavens, if stars were as richly strewn throughout 
as in the particular regions referred to in the first column : 

BclstlTC ricbniH 
ol dlatritnitloii. 

NorthBrn— Milky Way S.B40 

„ Richest region .... 9,060 

„ Central region .... e,S48 

Outer rc^oD 3,923 

„ lat Poor region .... 2,648 

„ 2nd Poor regioD .... 2,667 

Gaps in Milky Way 1,240 

Sunthers— lat Poor region .... 2,3S1 

„ 2nd Poor repoD .... S,1S8 

„ Outer region 3,672 

„ ' Central region 9,86S 

„ Ricbeat rsfdon 13,126 

„ Milky Way 13,6S6 

npon one of the aouthern poor regions. It ii noteworthy that diriding the 
henvens into two hemiapheres ia nalkvoanible to the completaneaa of the con< 
trasta abore inaiated upon. I hope soon to have leinire to prepare two equa- 
torial hemispheres on a projection of aimilar properties, to correct this dsfsct. 
Yet the evidence aa it is is sufficiently ranTineiog. 
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But it may be argued that, after all, these results are 
perhaps merely due to chance distribution ; very strange 
coinbiQatioQS have been known to result accidentally — why 
need any peculiarities in the distribution of the stars be in- 
sisted upon as necessarily pointing to the existence of special 
laws of aggregation ? Since there are several thousand stars, 
it would be strange (an objector might urge) if some more 
or less remarkable peculiarities did not present themselves. 

It is precisely the largeness of the number of stars dealt 
with by the new process which assures us that the obsened 
peculiarities are not due to accident. 

To take one of the less remarkable peculiarities noted 
above. We have in the northern and soutbem central re- 
gions twice as many stars as in the remaining regions. Now 
the former do not between them cover one-half of the 
heavens ; but let ua, for the sake of simplicity, assiune that 
they do. And, still farther to simplify matters, let us 
suppose that there are exactly 6,000 visible stars, of which 
4,000 fall within this particular half of the heavens, and 
2,000 in the remainder. This closely corresponds to the 
observed case, and differs from it only in a sense unfavour- 
able to my argument. 

Now supposing 6,000 points are to be spread at random 
over a globe, it is quite clear that, as each point is marked 
in, the chance that it will fall on any given half of the 
heavens is exactly equal to the chance that it will fall on 
the other half. So that we might measure the chance of 
such a state of things as we have actually found to exist, by 
comparing it with a very commonplace process — the tossing 
of a coin. We have only to inquire what the chance would 
be that, on tossing a coin 6,000 times, there would be at least 
as many as 4,000 heads (or tails)." Now it might seem that, 

• Some ccnsidiration wonld have to be given to Ih* fuel that the rich Kgionl 
are teltxled, wen it not th»t their routjhly circular form is quite n 
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Biace it is no unusual thing to see as many aa four heads or 
tails in tossing a coin six times, there would be nothing very 
surprising were 4,000 heads oi tails to appear in 6,000 toss- 
ings. The actual chance of such a result is so inconceivably 
minute, however, that all ordinary modes of representing it 
fail me. Supposing there were a bag with a million white 
balls and but one black ball in it, the chance of drawing the 
black one at random would be thought suflSciently minute. 
But to represent the chance of tossing either heads or tails 
4,000 times at least in 6,000 trials, we should require a beg 
exceeding in volume many million times the whole of the 
sidereal system as far as the most powerful telescopes have 
yet penetrated, and this bag must be filled with whit« balls 
so tiny thac a million of them would not be as targe as a pin's 
head, only one black ball (as minute as the others) being 
present throughout its whole extent. The chance of drawing 
that one tiny microscopic black ball out of that universe of 
white ones would exceed the chance that in any given set 
of 6,000 toBsings there would be 4,000 heads (or tails) at 
least,* 

It will be conceived, therefore, how unspeakably minute is 
the chance that the observed relation among the fixed stars 
is due to mere chance distribution. 

We are forced then to accept as the legitimate conclusion 
from the evidence, the theory that within the limits occupied 
by the lucid stars there are streams and clustering aggregations 
of stars, and not that general uniformity assumed in the 



prerent uiTthiag like a Bp«dat seUetiod uid combin&tion of all tb« rjchrat 
NgioDS, for comparisoD irith nil the pooreat regionn lakeD together, 

* The c^cnlatioD of the exKct chnncn would be Uborioos in the sxtreme. 
The above result cotrespoudi to ft cftlcuUtion in which all Uie proes»Bei ftre 
■implifled — but in such eort as Co iaeresse the chance. Tha real chance is un- 
doubtedlj Isr nxre minute. Yet the frictjon actually resulting from thif 
Bpproiimnte ealculatioo has, with unity fiiT Dunentor, a dsaomiDator eoik- 
taining no leas than 132 G^fores. 
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accepted theories. We have also been compelled to adopt 
the opinioD that the milk; light of the galaxy comes from 
minute atara, amidst clusters of which lie the lucid stars 
that are so densely strewn along the Milky Way. These 
coDclusioDB alone, if accepted — and I can see no possible way 
of aecountiDg otherwise for the observed relations — amount 
to a revolution in the science of sidereal astronomy. They 
not only oppose themselves completely to the accepted 
theories, hut they point to altogether novel modes of dealing 
with the problems presented by the stellar hosts. The method 
of taking averages is discredited, and more cautious modes 
of inquiry — modes of piecemeal research, so to speak— are 
suggested as advisable. It may be worth while to notice that 
some time since I pointed to the importance of the conclu^ 
sions which result from a careful analysis of the noinute 
apparent motions of the fixed stars. Those conclusions cor- 
respond perfectly with the conclusions arrived at in the 
present paper. One mode of research confirms the other. 
But there are yet other processes of inquiry, by which the 
details of the sidereal system, the hitherto neglected ■mvnviioB 
of the heavens, can be made to exhibit to us grand and as 
yet uuthought of laws of stellar distribution. I commend 
such inquiries to the attention of those who have more leisure 
than I have to pursue them. 

Fnuer'i Magasiin: for October 1870. 
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DISTRIBUTION OF THE NEBULjE. 

Rather more than two years ago, a paper by Mr. Cleveland 
Abbe, on the diBtribution of the nebulie in space, was read 
before the Astronomical Society. That paper included a valu- 
able contribution to science, in the form of a tabular etato- 
ment exhibiting the manner in which the irresolvable nebulee 
are distributed over the celestial sphere. A few weeks before 
I had sent to the editor of the Student a paper on the same 
subject. Until this paper and four others dealing with the 
distribution of matter throughout that portion of space which 
&.118 within OUT cognisance had appeared, I did not feel at 
liberty to bring before the Society certain views which had been 
for a long time in my thoughts. Owing to the preea of other 
matter, and especially of other astronomical matter in the 
StudeTitfthe series of papers was only completed in April 1869. 
This is, therefore, the earliest opportunity I have had of sub> 
mitting the views I speak of to the judgment of the Royal 
Astronomical Society. 

The three pairs of maps which accompany this paper 
(Plates III., IV., and V.) have been formed from the valu- 
able table prepared by Mr. Abbe ; but it is worthy of notice 
that their teachings differ in no important respect from 
those conveyed by maps which I formed from a similar 
table prepared by Sir John Kerschel many years ago. 
It is important that this should be attended to, because 
(1) Herachel's table was formed from a catalogue of only 
3812 nebulse, while Mr. Abbe's waa formed from a catalogue 
of 5079 nebulse ; (2) Herschel's tabulation corresponded to a 
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divieion of the sphere into spaces of l** in R.A. by 15° in 
Decl., while Mr. Abbe'ti took spaces of only 30" in R.A. and 
10° in Decl.; and (3) Herschel included all nebular objecta 
in his tabulation, while Mr. Abbe drew a distinction be- 
tween the various orders of nebulsB, so that his table, as 
finally drawn up, included only 4053 irresolvable nebulse. 
When we find that all the refinements thus introduced by 
Mr. Abbe, and an increase of nearly one-third in the total 
number of objects dealt with, produce no appreciable 
change in the indications which the nebulae present of 
being aggregated together according to certain definite, 
and, as I think, very significant laws, we seem free to con- 
clude that no extension of telescopic observation can appre- 
ciably affect our views respecting the distribution of the 
nebulae. If the second tabulation bad indicated laws appre- 
ciably different from those which the first had exhibited, 
the conclusion would have been that we must wait for an 
increase of knowledge before venturing to theorise ; as it is, 
we may proceed to deal with the facts before us with some 
confidence as to the general accuracy of their indications. 
We see, then, that the two tables have an increased value 
when considered together. 

I would first call attention to the pair of maps in Plate HI. 
The plan of projection is the isograpbic projection described 
in my ' Handbook of the Stars.'" The meridians and parallels 
are so drawn as to correspond to Mr. Abbe's tabulation, and 
in each space as many nebulae as his table indicates are 
marked in, so as to spread pretty uniformly over the space. 
Thus the projection being isographic, the maps represent the 
actual distribution of the nebulae (as to density of aggrega- 
tion, &c.) over the northern and southern hemispheres. 

* After that book was published I fonad that Sir J. Henchet b>d llreadj 

auggeaWd Ibis conrtrnctioD. The iwincideliee ie not rerj surprising when it ii 
remembered that the problem of a central isographic projection \a a Teiy 
Ample one, and has only one Klstlon. 
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Now when this is done we see that there is much more in 
the arrangemeDt of the nebulas than that thinning off in the 
neighbourhood of the Milky Way which Mr. Abbe had re- 
cognised. No one can look at the general aspect of the two 
maps without seeing that the suggested distribution of the 
nebulEB in a figure roughly reeembling a prolate spheroid, 
haviug the plane of the Milky Way at right angles to its 
longer axis, is wholly insufficient t.o account for the actual 
aspect of the maps. The northern map accords better with 
this view than the southern ; hut even in the former there is 
an irregularity in the clustering, an occasional evidence of 
streaminess, and in places a sharpness in the outline of the 
group which is altogether different from what would be seen 
if the nebulee formed a figure even roughly resembling that 
■ suggested by Mr. Abbe. In the southern map all these 
features are ex^^rated. In this map also a new and un- 
expected feature strikes us. We see that the NubecuJee are 
associated by well-marked nebular streams with the main 
southern group. 

But now it is obvious that the pair of maps in Plate III. 
requires to be supplemented by maps which shall exhibit — 
(1) the two groups of nebulse in their entirety, and (2) the 
great zone bare of nebulae which divides one group from the 
other. 

The pair of maps in Plate IV. is intended to satisfy con- 
dition (1) as nearly as can be done on equatorial maps. The 
projection corresponds to that used in Plate III." The first 
map of the pair exhibits the nebular group to the north of 
the Milky Way, the second exhibits the nebulae to the south 
of that zone. It will be noticed that the contrast between 
the two groups is very striking. 

• So fiir M I am nware the p lira of miipa furmlng Flatee IV. and V. are the 
first ID which tbe relations of the nebols havs been prisent«d isogniphically on 
any but a polar projection. 
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The northein group preseote a somewhat stratified aspect, 
and we can understaDd how it was that Sir W. Herecbel, 
observing only in northern latitudes, conceived that the 
nebulse might be found to be arranged in a zone somewhat 
resembling the Milky Way, but neatly at right angles to it. 
On a closer inspection, however, we recognise in the noithein 
cluster a decidedly streamy character.* 

The southern group of nebulse presents features of a very 
interesting character. As in the northern group, the general 
aspect of the system is streamy, but this character is much 
more marked in the southern group. A peculiarity is also 
noticeable in the fact that the most striking aggregations are 
at the extremitiee of the streams. In fact, the central part 
of the whole group, a region exactly opposite the great 
northern a^regation of nebube, is almost vacant. We have, 
again, distinct evidence of the connection between the 
Magellanic Clouds and the southern nebular group. The 
Nnbeculffi are, in feet, merely instances, more marked than 

• It is to be noticed Owt it wonH be perfectly feir to strengthen the indic&- 
tioDi of these mitpa, by spreading the dots vhicb represenc the nebnln leu 
Rgnlaclj OTer (he BpACes they belong to. At flnt sight this seems illegitiniate. 
It might be argued, for example, that to hihs the streams pcesented to na on s 
first inspection, and to add to their obvioDsness by a Bpecial anangement of 
the dots In tbe figure, is nothing less than to adopt an hypothesis, and to 
arrange our facts so as to seem to bear it out. But in reality this is not so. 
The process of nmngement so ss to intensify the nggregntions of dflta and to 
make ihe vacnitiea mare clearly apparent correaponda eiactlj to the process bj 
which, having a series of ordinates in anj' grapbic construction, ve talce a cwrte 
through tbeir extremities insttiad of a series of rectangular cioss-lines. Tha 
curved lines, in thti case, slope uprards towards (Jie direction of the longer 
oidinates, and donnvards towards the direction of the shorter ; and precisely 
in the same way the dots in any of the spaces in such maps as we are now 
dealing with ^ould aggregate towards the direction in which there are greater 
aggregations, and be more sparsely strewn in the direction towards which ther« 
are vacnities. Hod this been done the streaminess already clearly apparent in 
the ansngement of the nebulie would have been rendered much more obtioos. 
Sucb a plan, so far from being unfair, ma; be shown to be that which, accordii^ 
to the doctrine of chances, gives the arraDgement which would most probablj 
be observed if each nebuU had been marked in in its proper place. 



,.,.d,i. Google 



,.,.d,i. Google 



,.,.d,i. Google 



,.,.d,i. Google 



,.,.d,i. Google 



DISTRIBUTION OP THE NEBVhM. 321 

the others, of the tendency to aggregatioa at the extremities 
of the nebular streams which form the great southern group. 

I now turn to the pair of maps in Plate V., which serve to 
bring out more eapecially the great vacant zone. This I hold 
to be the most sigmficant of all the features presented by 
the nebular system. It will be observed that there is no 
mistaking the iact that a true zone of nebular dispersion (if 
I may use that term as the converse of aggr^ation) exists 
in the heavens. Nor can the general agreement of this zone 
with the galactic zone be called in question. I would now 
ask whether the conclusions to be drawn &om these peculiari- 
ties ought not to be somewhat different from those which 
have been commonly accepted. 

In the first place, I would remark that Sir W. Herschel was 
disposed to look on the fact that the zone of nebulse which 
he supposed to exist in the heavens, lies at right angles, or 
nearly so, to the Milky Way, as not accidental. The 
peculiarity we actually have to deal with, however, is much 
more significant ; first, because the agreement of two zones 
in position is a circumstance which is antecedently much 
more improbable than mere perpendicularity of intersection ; 
and secondly, because the existence of a zone of dispersion 
is in itself a much more remarkable circumstaitce than the 
existence of a zone of aggregation. On the fiist point, it is 
merely necessary to remark that to secure perpendicularity 
between two zones it is requisite only that the poles of one 
zone should lie upon the other, which can happen in an in- 
finite number of ways ; whereas, to secure coincidence, the 
poles of one zone must coincide in position with the poles of 
the other, which can happen only in one way. On the second 
point, it may be noticed that the existence of a zone of dis- 
persion would be very remarkable even if the zone were not 
particularly well marked ; because all that we know of the 
univerBe leads u^to look upon systems aggregated into the 
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ihape of cyliaders, prolate splinxiida, or tbe like, as mocA 
lesa likely to be met with than wjBteaa in tbe shape of discs, 
ivagt, oblate spheroids, or the like ; and it is only figures of 
tbe former sort which can result in diowing a tone of disper^ 
sioB, figures of the latter kind exhibiting (as in tbe case of 
the sidereal system) a zone of i^regation. But a very well- 
marked sone of dispersion, as in the case of tbe nebular 
system, u a yet more nguificant jdienomenon, because it 
am only be explained by looking upon the aggregations 
between which it lies as distinct systems. Looking on tbe 
two nebular clusters in this light, tbe &ct t^at the Milky 
Way ^rees exactly in position with the zone which separates 
them, becomes one which we are bound te account for in 
formii^ any theory of the Aebule. Id fact, when dealing 
witli the aggregation of Deboke near tbe north pole of tbe 
galactic system, Sir John Herscbel expressed this very 
opimon ; though be has nowhere indicated, so far as I am 
aware, the conclusion which seems to me to follow direcUy 
from that opinion : — 

I cannot see bow we can look upon the coincidence I have 
spoken of as TWt accidental, witJiout being led to the conclu- 
sion that the nebular and stellar systems are parts of a mngle 
scheme. If the nebulffi were external star-galaxies^ the 
coincidence might have happened, but it would be acci- 
dental. If they formed a system * distinct &om the sidereal 
syston, though involving, and perhaps to a certain extent 
intermixed with the latter,' as Sir John Herscbel suggested, 
the coincidence would still be accidental. If ' our system ' 
(again te quote Sir J. Hersc^l) * lies outside the denser 
part of the cluster, but is involved within one of its outlying 
members,' or, * fonns an timnent of some oim of ite protu- 
berancep or branches,' yet, again, the coincidence would be 
accidental. No theory which looks upon oar galaxy as 
simply a member of tbe nebular syst^n can possibly b* . 
reconciled with the view that the position of the zone of 
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nebular disperaion is otherwise than accidental, tmless we 
aBsnioe either (i.) that all the members of the system, or at 
least all in our neighbourhood, have a position parallel to 
that of our galaxy, or at right angles to the length of the 
nebular system, or (ii.) that there is some peculiarity in the 
galactic stratum preventing us from looking so far out into 
space along its length as in other direcUons. The first supposi- 
tion is disposed of by the briefest study of the nebulae, which 
(looked upon as disc^haped universes) have every variety of 
position. The second has a greater appearance of probability, 
yet it would be easy to dispose of it on its own merits. It 
must be dismissed, however, for a reason associated with a 
matter which yet remains to be considered. 

We have seen that the nebulie belonging to the Magellanic 
Clouds are associated in a very obvious manner with the rest 
of the nebular system. But it must not be foi^tten that 
these stfange objects are also intimately associated with the 
sidereal system. In &ct, their visibility to the naked eye 
is due entirely to tiie fact that they contain a number of 
small stars. Here, then, the sidereal and nebular systems 
are seen as they are nowhere else to be observed, vrUermixed. 
Perversely enough, this peculiarity, which seems so obviously 
to indicate an intimate association between the two systems, 
has been held by many distinguished astronomers to prove 
that the Nubeculie belong neither to the sidereal nor to the 
nebular ^stem. Sir John Herscbel has distinctly pointed 
out the conclusions which should be drawn firom the evi- 
dence given by the Nubeculfe; yet he nowhere definitely 
rejects views to which those conclusions seem directly op- 
posed. He simply remarks that we may be led to look with 
some suspicion upon views which * in former p^es bad been 
somewhat positively insisted upon.' ' 

* I ma; nmarlc htn, in pssung, \bat Om tentatiT* and pbiloaa^iical 
k>D« in which Sii John Henchel reasoned Twpecting iLa uniren*, the light 
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The evidence afforded by the Xubecube seems to me 
decisive in &Tour of the intimate association between the 
stellar and nebular Bystems, which I have been endeavouring 
to establish. When it is combined with the evidence before 
adduced, no reasonable doubt can exist, I think, that the 
Stan and nebube are members of the same scheme. There 
may be individual nebulae which are true external universes 
— it is possible, for example, that the spiral nebube may be 
of this class, as also perhaps the Andromeda nebula, and a 
few others — but it seems demonstrated that for one nebula 
which is really external there are hundreds which are asso- 
ciated with the ddereal system. 

What the processes may be which have led to the present 
arrangement of the great scheme of stars and nebube, I shail 
not venture even to conjecture. I may remark, however, 
that the great majority of the nebulae constituting the 
northern and southern clusters may be looked upon as owing 
their present constitution to the feet that they are outside 
the i^ion of most active stellar aggregation, and not to any 
difference in their original structure. I believe that the 
irresolvable and scarcely resolvable nebula are composed of 
stars really smaller and really closer than those forming the 
clusters and easily resolvable nebulie. In fevour of this 
view I would adduce a peculiarity exhibited in Mr. Cleveland 

grasp with vhieh he held the theoiiM be bad himself developed, uid the wide 
range over which his views extended, h&ve, on the one hand, eiuxiuraged me to 
adopt views opposed to those which he nnctioned bj hi* approval, and, od 
the other, to put forward views which be bad alraadj mentioned, but to which 
I have been led hy independent considerationt. His whole treatment of the 
anbJFct of the sidereal and nebnlar aystema indicated that the viewi he 
pot forwud were intended for the most part rather as suggestions than aa 
theories. This power of weighing evidence without reference to pi«coDceived 
opinions, of indicating the tbooriea suggested bj this or that portion of the 
evidence and aa readil; indicating reasona which must lead to the abandon- 
ment of mch theories, may be looked upon as chuntcteriBtic of the BeiKhel 
family. It would be well for the caose of scientific progress if the power wie 
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Abbe's tabulation of the nebolffi, the true meaning of which 
seeme to have escaped bim. 

If tbe objects in Sir J. Herscbel's Catalogue are arranged 
in the following order,— {i.) clusters, (ii.) easily reaolvable 
globular cLueters, (ill.) resolvable globular clusters, (iv.) 
resolvable nebulae, and (v.) irresolvable nebuls, and tbe 
. arrangement of these classes of objects with reference to a 
galactic zone 10° wide be considered, we Und that objects in 
class (i.) are obviously aggr^sted on the galactic zone ; 
objects in class (ii.) less so ; those in class (iii.) still less eo ; 
those in class (iv.) are aggregated away from the galactic 
zone; and those in class (v.) are a^regated almost exclu- 
sively outside that zone. When we take a galactic zone 30° 
wide, we have — objects in class (i.) almost exclusively on the 
galactic zone ; those in class (ii.) decidedly aggregated 
there ; those in class (iii.) somewhat less so ; while those 
in the other classes present much the same relations as 
before. 

This plainly shows that the first three of these classes are 
associated with the galaxy in proportion to their resolva- 
bility ; the fourth class, which is still resolvable, is removed 
from the neighbourhood of the galaxy; and the fifth still 
more so. Now, can we look upon the distinction between 
tbe resolvable nebulas and the resolvable clusters as so 
marked that whereas we can admit the latter to be associated 
with tbe galaxy (or rather we are forced to do so), we must 
look upon the former as lying t&t away beyond the range of 
the sidereal system ? Sut even if we must do so, how can 
we then account for the fact that the irresolvable nebulte 
show a greater antipathy to the neighbourhood of the galaxy 
than their resolvable fellow-systems? If we do not, if we 
look on. the resolvable nebulae as beloi^ing to the sidereal 
scheme, notwithstanding their aggregation away from tbe 
galactic zone, what reason can we assign for forming a diffe- 
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rent optnioD of the irresolvable nebuln which exhibit jnv- 
cieely the same relation, only in a more marked fonn? 
Finally, if we admit the irrentvahle nebulie into the galactic 
■cheme, we cannot look npon greater distance as acconnting 
for their irresolvability, becaose once they are recognised as 
associated with the galaxy, we can see no reason for the 
more distant members of the nebtilar part of the universe 
lying towards the poles of the galactic zone. The antece- 
dent probability of such a relation prevailing that distance 
is the true cause of the irresolvability of the objects forming 
the great nebular clusters, is exceedingly minute. Of courae, 
cateris paribxia, the more distant a chister is, the less easily 
resolvable it will be. But we must look for some other 
cause than distance to account for the fhct that nebulte seen 
outside the Milky Way are lem eauily resolvable than nebulie 
seen upon that sone. I believe that cause may be assumed 
not unreasonably to be the difference in the circumstances 
under which the galactic and the extra-galactic nebuhe have 
reached their present state. 

I have hitherto omitted all reference to the gaseous 
nebulffi. So far as present observation goes, these olgecta 
show a decided preference for the neighbourhood of the 
galactic zone. The planetary nebulse, alt of which are 
probably gaseous, are so distributed that two-thirds are on 
the wider galactic zone referred to above, whose area is less 
than one-fourth that of the whole sphere. The irregular 
gEseous nebulae are all on or close to the Milky Way, except 
one, which is in the greater Magellanic Cloud ; another 
proof, if any were wanting, that the Nubecula are not 
external systems. 

There appear to me to be also laws associating the nebidar 
and sidereal Bystems together. Outside the Milky Way and its 
immediate neighbourhood the nebuhe seem to be associated 
with the lucid wtars — in this way, that, where there are many 
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leading brilliants, there nebulte aeem densest. There is not a 
single marked vacancy in either of the nebular groups where 
there is not at the same time a marked absence of bright stars. 
It is noteworthy also that, of the two most marked nebular 
streams, one is coincident with the stellar stream recognised 
by the ancients in tiieir figuring of the constellation Eridanua 
(the prolongation southwards being recognised by modem 
astronomers in the constellations Hydrus and Bedculum); 
tlie other coincides with the stellar stream associated hy tb« 
ancients with the water from Uie vase of Aquariu& This 
association between stellar and nebular aggregation seems to 
occupy a character midway between the yet closer relation 
observed in the Nubeculse, and the directly contrary relation 
observed in the nei^bourhood of the Milky Way. 

aionM^ Sotieat^tte Boj/iil AMromrmic^ Soeit/j/ tot Odobtnr 1S6S. 
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. 4 NSW THEORY OF THE MILKY WAY, 

6ia W. Hkb8CRKL*s reapect for existing anali^ea — a quality 
which is perhaps of all others the safest guide for the 
scientific explorer — led him to adopt as the means of int«i^ 
preting his noble series of atar-goagings the hypothesis that 
there is a general uniformity in the distribution of the stars 
through space. He adopted Uiis hypothesis not &om a 
conviction of its being actually true, nor even from the 
belief that it is approximately so, but simply because existing 
analogies seemed to render it probable, and because it 
formed a convenient basis for calculation. The existing ' 
analogies were those presented by the solar system. In this 
system, Sir W. Herschel recognised a number of discrete 
bodies, not equal indeed, but comparable iiUer ee in magni- 
tude ; not uniformly distributed, but still not aggr^ated 
towards one or another part of the solar scbemR. And 
making such modifications as seemed requisite in comparing 
a system not regulated by a vast central orb with a scheme 
like our solar system, it seemed likely to him that a general 
equality of magnitude, and a general uniformity of distribu- 
tion, might be found to prevail among the members of the 
sidereal system. 

We now know that the ideas which astronomers had 
formed of the solar system in Sir W. Herschefs day were 
very iax indeed from being correct. We see in the solar 
system a complexity of detail, and a variety of form, struc- 
ture, aggregation, and motion, which were altogether un- 
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known a century ago. And I cannot doubt that if the view 
we have of the solar syFtem had been presented to Sir W. 
Herschel, he would have adopted as the bads of hiB Btar- 
guaginga an hypotiiesiB differing altogether &om that of 
which he actually availed himself. He would have argued 
that as in the solar system there are bodies like the 
planets far surpassing the other members of the scheme In 
magnitude and in importance, as it contains zones of 
minute bodies, such as the asteroids and the satellites com- 
posing the rings of Saturn, myriads of metooric systems, 
and countless thousands of cometic systems, so donhtless in 
the sidereal system there are many forms of matter. If the 
analogy of the solar system is to be our guide, ;ire must look 
for suns equalliug or surpassing our own in magnitude and 
splendour ; for clusters and systems of minor suns, whose 
imited mass may fall short of the mass of one of the primary 
stars ; for aggregations of matter in portions relatively so 
minute as not even to be comparable with the small stars 
found in true star-clusters ; and, finally, for systems com- 
posed of materials, or at least of forms of matter, differing as 
widely from the substance of the suns as the matter com- 
posing a comet does from the substance of the Earth or of 
Jupiter. 

But even independently of analogies such as these, his 
own series of observations led Sir W. Herschel to feel more 
and more doubt, as he proceeded, respecting the hypothesis 
which he had made the basis of his calculations. It is only 
necessary to compare the later papers he sent in to the 
Royal Society with the earlier ones, to find that views 
altogether inconsistent with his initial hypothesis were 
opening out before him. It was in those later papers that 
he spoke of star-groups in the Milky Way clustering towards 
opposite regions of the heavens ; of stars arranging them- 
selves into separate, systems; and of the signs which the 
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heftvena present of the action of proceaeee of aggr^stion, 
causing ' the gradual dissolution of the Milkj Way.* 

Sir John Heracbel, also, in carrjring oat the system of 
star-guaging among the Southern stars, was led to notice 
many features which the hypothesis of a tolerably nnifonn 
distribution of stars could not satis&ctorily explain. 

Judged according to Sir W, Herschel's fiindamental hypo- 
thesis, the sidereal system came to be regarded as forming a 
figure resembling ttiat of a doven disc, and the Milky Way 
was explained as being due simply to the greater extension 
of the system in the direction of the medial plane of this 
disc. Sir John Herschel, however, fnun his obserratioas of 
the Southern heavens, was led to suspect that this theory 
was not strictly correct. He npeaks in one place of certain 
evidence, according to which the Milky Way would codm to 
be regarded as a flat ring seen edgewise; And in many 
places he speaks of the difficulty of undeiatauding certain 
featiu'es according to the views usnally accepted. 

It seems to me that the evidence collected respecting the 
Milky Way is sufficient to lead us to qmte another view of 
its structure than that to which Sir W. Herschel was ted by 
an' hypothesis founded on the iacou[Jete themies which 
astronomers in his day had formed respecting the solar 
flystem. 

Let us regard the matter altogether independently of 
preconceived opinions, and judge simply as the evidence 
may seem to teach us. 

In the woodcut, the enter figure represents the Milky 
Way according to the drawings and description of Sir John 
Herschel. The mode in which it is delineated needs no 
explanation. 

Now, in regarding this picture of the Milky Way, we are 
forced, I think, to the conclusion that neither the cloven- 
disc theory, nor tlie flat-ring theory, accounts satisfactorily 
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even for the principal features of the Milky Way. For 
example, the great gap which croBaes it in Argo, neatly in 
the widest part of the single branch, seems utterly in- 
explicable on either theory. There is no way of accounting 
for that gap if we are really supposed to view the Milky 



Fu>. 18. liluBtrating new tbi'ury of Hilky Way. 

Way from a point within its figure, and that figure resembles 
— however roughly — either a cloven disc or a flat ring. 
But let us pass to other features. Travelling towards the 
' right from the gap, we come to the strange semicircular 
cavity with a well-defined outline, which Sir John Herschel 
has described in such striking terms. A cavity of that 
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figure is a remarkable phenomenon, and is snrely inex- 
plicable either on tbe flat-ring or cloven-dLsc theory. But 
the mere distinctness of the outline is one of the strongest 
possible proofs that the stars which form that portion of the 
Milky Way constitute a distinct clustering aggr^atlon from 
which we are separated by an enormous and comparatively 
star-less interval. 

We come next to the Great Coal-sack near Crux, almost 
opposite to which is a well-marked opening in Cygnus. 
There are also other strange openings through different 
parts of the Milky Way. 

Now I cannot but think that an argument simikr to that 
which Sir John Herschel has applied with so much force to 
the Magellanic Clouds applies to the openings in Crux and 
CygnuB. He argues that, because the Magellanic Clouds 
approach roughly to the circular figure, therefore, in all 
probability, their real figure is that of a sphere : the chance 
is small that one of them is a cylindrical system seen end- 
wise ; but the chance that both are is altogether evanescent. 
Now applying tbe same principle to tbe Coal-sacks, we are 
led with equal certainty to the conclusion that these aper- 
tures are not cylindrical or tunnel-shaped openings seen 
endwise, but if they are really apenvnga <U <dl they are 
openings through a system which is not very much deeper — 
measured in the direction of the line of sight — than the 
greatest width of the aperture itself. 

Judged in this way, the parts of the Milky Way which lie 
round a ' Coal-sack * would have a roughly circular section, 
and not that enormous extension, in the direction of the line 
of light, which has been assigned to them. 

I cannot see that this argument is at all less sound or less 
effective than that which has been applied by Sir John 
Herscbel to the Magellanic Clouds. 

There is another feature referred to, and I believe dis- 
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covered, by Sir John Herechel, which ia also full of metming. 
I refer to the existence of narrow and aometimes convoluted 
Btreams of Btwrs, branching out from the Milky Way itself. 
Sir John Herechel eaya of these that we ought to look on 
them as in all probability planes or scrolls of stars seen 
tangentially, and not as branch-shaped extensions bristling 
up from the general level of the Milky Way. And un- 
doubtedly if the Milky Way really have a great extension in 
the direction of the line of sight, it is just that we should so 
regard these outlying streams. But if we judge of tliem 
without any reference at all to pre-^xistii^ theories, we are 
guided by strong arguments from probability to form a very 
different view. The chance that a plane system of stars, 
and still more a scroll of stars, should be turned so directly 
towards the Sun as to present to us the appearance of a 
straight or convoluted line or narrow stream of stars, is 
small indeed. The probability that several should be so 
situated may be regarded as evanescent. 

Accepting these streams as having a roughly circular 
section, we are led to the conclusion that the Milky Way 
from which they extend has a similar section. In fact, aa 
Sir John Herschel held these streams to be really planes or 
scrolls because (I assume) he assigned to the Milky Way a 
great lateral extension, so by inverting this argument I am 
led to believe that the Milky Way has not a great lateral 
extension (compared I mean with its thickness), because the 
streams extending from it have in all probability a section 
of roughly circular figure. 

Other arguments there are that space will not permit me 
to dwell upon here, which point in the same direction. 

Now, of course, if the Milky Way forms in reality a 
stream of stars amidat the sidereal af/etem, the appearance 
which it presents upon the heavens might be expected to 
afford some information as to the shape of that stream, or at 
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least of that portion vhich is cognisable b; us. It must be 
admitted, however, that the problem of iQt«rpreting this 
wonderful stream is one of enormous difficulty. Perhaps it 
is one which man will never be able to accomplish in a 
perfectly satis&ctory manner. It is only necessary to 
contemplate that marvellous maze of star-streams around 
Scorpio and its neighbom'faood, and to read the account 
which Sir John Herschel gives (in his ' Cape Observatioua ') 
of the telescopic aspect of this region, to feel bow far we are 
at present from being able rightly to interpret the mysteries 
of the Galactic Circle. 

The bolder and more'StrikiDg features of that circle may, 
however, be studied with a better hope of their being 
successfully interpreted. A theory which will explain the 
gap io Aigo, the wide break of one stream in Ophiuchus, 
the varying brightness of the principal stream in different 
part« of its length, and other features' of this kind, may 
reasonably be sought for. 

I have endeavoured in the inner circle of Fig. 18, p. 331, to 
indicate a spiral which seems to me to account for the most 
striking features of the Milky Way. 

Following that spiral round from the part where the two 
loops approach each other, we have the following relations : 

First of all, the gap is explained by the fact that the two 
loops do not meet. Then, remembering that the spiral is 
Bui^sed not to lie in one plane, but (as the contorted figure 
of the Milky Way obviously su^ests) to have been swayed 
out of that plane by varying attractive influences, we see that 
where the line of sight is directed tangentially to either 
loop, the Milky Way might be expected to have greater 
width than elsewhere. This explains the fan-shaped ex- 
pansions on each side of the gap. Then on each side of 
these expansions we see the Milky Way double, which 
obviously corresponds to the relations exhibited by the two 
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loops. Following the 'wider loop, we see that the double 
part of the Milky Way on this ride extends nearly through a 
complete aemi-circular arc. The Coal-eack is explicable as 
due to the apparent crossing of the two contorted streams 
which really are at different distances from the eye.* The 
break in the further branch seems readily explicable as 
due to the great distance of a portion of this branch. But 
here the theory derives a ringular support &om the actual 
relative brillianqr of different parts of the Milky Way in 
this neighbourhood. Every astronomer knows how sbrangely 
the light of the Milky Way varies in and near C^tqub. 
The branch which extends from the Northern Coal-4ack 
towards Albireo is at first &r the brightest, and then fedes 
off so much that in Ophiuchus it ie wholly lost. The other 
branch, on the contrary, gradually increases in brightness, 
until in Aquila, and, further on, in Sagittarius, it forms the 
brightest part of the whole Milky Way. Now this part, 
which is BO very bright, corresponds to the part which my 
spiral brings so very near to the Sun. 

Passing on to the termination of the second branch near 
CygnuB, it will be noticed how the einral explains the strange 
extension of milky light from Cepheus towards the north 
pole. 

Thence the stream is single, growing gradually fiunter 
with increase of distance towards Canis Minor and Mono- 
ceros. 

The ^iral I have depicted seems so satis&ctorily to account 
for several of the more striking features of the Milky Way 
as to suggest the idea that it probably corresponds somewhat 
closely to the real figure of that star-straam. I am sensible. 



* Id th« Uigs nupf of Uie & D. U. K. the Milk; W&y is d«piaWd nax 
Cntx and Aigo, u if th« otiject of Che dnngfaCaman hud been to rapport mj 
Uieoij. In Sir John Hwacbtl's dmring, howcTer, there an lui luch rarietie* 
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howeTer, that many pecnllarittes remain unexplained by, 
though. they are by no means opposed to, my theory, Itmust 
be remembered that any objections founded on a presumed 
equality of stars throughout the Milky Way, or of a general 
uniformity of distribution throughout the spiral atream, do 
not require to be met ; because at the very beginning of this 
inquiry I have abandoned such hypotheses as inconsistent 
with existing analogies. 

For example, there may be parts of this Milky Way so 
constituted that, if we were to remove further and further 
from them, we should see them gradually assuming the form 
of irresolvable nebulosity. But there may be other parts 
which would never assume that appearance, let their distance 
be what it might — the distribution and magnitude of the 
component stars being such that the stars would vanish 
through effect of distance, before the distances apparently 
separating them became evanescent. 

I may add as a striking confirmation of a portion of these 
views, that among the lucid stars along the part of the 
Milky Way which lies nearest to the Sun, according to my 
view, are those which have been actually found to be nearest 
to us. 

It must be understood that I regard the Milky Way as 
simply the condensed part of a spiral of small stars, which 
has been swayed into its present figure by the influence of 
lai^e stars— rthe lucid stars seen in the Milky Way. Th^ 
myriads of small stars not lying in or near the Milky Way 
must yet belong to the same system, and in some instances 
seem to obey somewhat similar laws of aggr^^tion. The 
nebuUe, so far as the evidence from probability extends, 
would appear to be groups formed from among those stars 
that have not fallen under the influence of the large stars 
which have brought the Milky Way spiral to it« present 
figure. In the M^ellanic Clouds, we see the action of pro- 
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ceeses which haye tended to form Bpherical clusters of enor- 
mous dimensions, in which hoth forms of aggregation are 
met with. 

Why, in different parts of the sidereal system difTerent 
processes of aggregation should have taken place, we cannot 
yet distinctly see. But some of the striking discoveries 
which have recently been made by astronomers afford pro- 
mise that light will soon he thrown on these perplexing 
questions.* 

Monthiy Nolica qftht Boj/at Jttronomical Society for December 1870. 

• If my news Mq)ecting the Milky Way are correct, it obTioasly foUowe 
that there are parts of the Milky Way where traces of anDual parallactic die- 
pLicement might be looked for amongat tdeieopie atari. One iDstance of such 
motion would force as tomadiQ'alltheTiew* atpreMOt&cceptedreepectJDg tha 
siderMl Bjstein. 
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Oy THE RE80LVABILITT OF STAR^ROUPS, 
REGARDED AS A TEST OF DISTANCE. 

ThbB£ are conBideratioos connected with the reaolvability 
of star-groups which have Dot hitherto received much atten- 
tiou, BO far as I am aware. The; bear somewhat importantly 
on the opinions we are to form respecting the distribution of 
matter througboat tiie ddweal system. 

Id the first place, the resolvability of such clustering 
aggregations of stars as obviously form part of the sidereal 
system has been held to be an important means of eetimat- 
ii^ the relative extension of different parts of that system. 
So long as a portion of such a clustering a^^egation remains 
unresolved, it has been assumed that the limits of the system 
in that direction lie beyond the range of the telescope which 
thus fails to effect resolution, and therefore that tJie exten- 
sion of the system in that direction is &r greater than in 
other directions where the same telescope shows the stars 
projected discretely on a perfectly black background. 

In the second place, in the case of definite groups of stars, 
which either lie beyond the limits of the sidereal system, or 
if within those limits are yet separated from other parts of 
the system, and surrounded on all sides by relatively barren 
regions, it has been conmionly assumed that we have, in the 
telescopic powers necessary to effect resolution, a means of 
forming a general estimate of the distances at which such 
groups may lie. 

It is my purpose here to indicate certain considerations 
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wbich point to oppoeite conclusions as respects both these 
cases. 

If we were to accept the conclusion that where a portion 
of the galaxy is not resolvable with powerful telescopic aid, 
the sidereal system has a relatively great extension, it would 
follow bom the smallnesB of the areas which many of these 
portions of tiie galaxy present, that there is an extension of 
the system in those directions into long spike-shaped projec- 
tions, lying in a direction pointing exactly towards the solar 
system. When Sir William Herachel, for example, speaks of 
a region of this sort, of limited extent, which his great 40- 
feet reflector was unable to resolve, we must accept the con- 
clusion that there is one of these spike-shaped projections 
extending (according to Sir William Herschel's own estimate) 
no less than 2300 times further into space than a line drawn 
from the Sun to Sirius. It is not only contrary to every law 
of probability that this is the real state of the case ; but even 
if we could suppose that in this and in other similar instances 
such spike-shaped projections could by mere ocddeTit be 
directed along lines extending radially from the Sun (that iii, 
if we could get over the argument from probability), there 
would still remain mechanical objections to our believing in 
such an arraagement. Knowing as we do that all the stars 
are in motion under the influence of their mutual attrac- 
tions, and apparently also under the influence of some other 
and (ax greater forces adequate to generate the enormous 
observed motions, we ought scarcely to be willing to recog? 
nise in any part of the system a law of distribution which 
could not result from any conceivable dynamical processes. 

It seems more reasonable to conclude that-, where a cluster 
presents the peculiarity considered, there is not enormous 
longitudinal extension, but a real peculiarity of constitution ; 
that, in fact, the observer has not been penetrating further 
and farther into space as he increased his telescopic power, 
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but simply analysing more and more searchingly a definite 
region of space. 

In fact, Sir William Herschel, in one of bis later papers, 
was led to consider this as perhaps tbe true explanation of 
the matter; for in 1817 we find bim saying that bis star- 
guagings have in reality more direct reference to tbe coa- 
densation than to the distance of tbe stars, so that a greater 
number of atArs in tbe field of view may be explained as well 
by a greater condensation of that portion of tbe galaxy, as 
by a greater extension of it« figmre in that direction in which 
tbe stars appear most numerous.* 

Xow, as regards tbe case of a distinct cluster of stars, let 
us consider first the effect of distance on a group of stars all 
equal in magnitude and separated from each other by equal 
intervals. Supposing such a cluster so placed that tbe naked 
eye could recognise each separate orb, and then to sweep 
rapidly away into space, would it become nebulous or not 
before vanishing from view ? As the group passed away each 
separate orb would grow leas and less bright, and the dis- 
tances separating orb from orb would grow apparently smaller 
and smaller. And clearly if these distances became too small 
to be distinguished, vhile the stars of the group yet con- 
tinued visible, there would result a nebulosity of appearance. 
But suppose that, on the contrary, the stars of the group 
became invisible when the group was at such a distance that 
the intervab separating star from star would not be indis- 
tinguishable (if only the stars were brighter). Then clearly 
the group woiild vanish with increasing distance without 
ever becoming nebulous. Clearly also, if a telescope were 
employed to bring the retreating group into view, the same 

* It IB ntliar BUTprisiDg that in nearl; all odf 
GuU«Tpap«nby Sir William Hcrscbel leceive farm< 
wrote vksn at the EeaiCb of his fame. Tbere ia onl; on 
( Profeuor Orant'i noble Hittory qf Phytiad Astronontg), 
Uer>cher» lain' labours are sd«qnate!; represented. 
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concluaioiis would hold good. A group which would become 
nebulous to the naked eye before vanishing would becontij 
so when examined under a telescope, let the telescope's power 
be what it might; while a group which would vanish without 
becoming nebulous to the naked eye would not become 
nebulous before vanishing under telescopic vision, whatever 
the telescopic power employed. 

It is clear, then, that the nebulosity of a star-group, whose 
members are equal and eqimlly distributed, is a question not 
of distance merely, but of constitution — of the relation 
between the size and brightness of the constituent orbs and 
the distances which separate them from each other. 

But we may extend such considerations to the case of star- 
groups containing orbs of different orders of magnitude. 
Supposing a group of this kind to be passing away into space 
— as in the former case— the question whether it would 
become nebulous at any stage or stages of its progress would 
depend on the question whether or not the order of stara 
about to disappear individually were congregated so closely 
that the eye could not distinguish the distances separating 
them. Clearly also it might be possible that an order of 
stars Tbot about to disappeai- might present a nebulous appear- 
ance, in which case obviously all lower orders still remaining 
visible would be involved in that nebulous light. Such a 
cluster, in passing away from the eye, might also be nebulous 
at a certain distance, and become non-nebulous at a greater 
distance ; all that would be necessary for such a result being 
that, while some of the lower orders of stars were distributed 
richly enough to present a nebulous appearance before vanish- 
ing, some of the higher orders should be so sparsely dis- 
tributed as not to present a nebulous appearance before 
vanishing, or at any rate for some time after the lower orders 
had vanished. 

It is further obvious that the same would be true if the 
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retreating group were watched with a telescope of anj power 
whatever (setting aside all queation of the extinction of light 
in pasBing throogb space). The same appearances would be 
presented in precisely the same order when the group passed 
(star-order by star-order) out of the range of view of any 
telescope as when it passed out of the range of the unaided 
vision. 

It follows that, if we apply telescopic power to a given 
group of stars, we can by no means conclude from the 
nebulosity of the group under such and such a power that the 
group lies at such and such a distance, unless we are pre- 
pared to believe in the existence of certain laws of constitu- 
tion to which all stellar clusters are subject. But such a 
belief is not likely to find acceptance with thoee who are 
acquainted with the observed variety in the constitution of 
star-groups. 

It happens also that we have direct evidence that irre- 
solvable nebulosity affords no proof of relatively enormous 
distance. When Sir John Herschel was surveying the 
neighbourhood of the lesser Magellanic Cloud he found that 
near the edge the Nubectda Minor was irresolvable with the 
18-inch reflector, whereas the heart of this Nubecula could 
be clearly resolved.* Now it needs no proof that, if the 
Nubecula Minor (setting aside the nebube existing within 

* I qaot« the follciring paaeagefl from Sir John Harechel'i Koiet at Ihe 
KubtotUa Mi»or. titrtj are all I can find which bcai on the question of 
ri solTttbility. 

* The edge of the " smaller cloud ' cornea ou u a mere nebuln.' 

' In the edge of the cloud rision bod, &c . . . the cloud ia not resolred, 
and Beema & very mjaterioua object.' 

* We are now in the cloud. The field begins to be full of a fotnt light per- 
fecll; inesolTablc' 

' I should consider sbout this place the body of ike etmtd, which is here 
fairly Tesolved into exceisivel; minate sUra, which, however, are certainly seen 
with the left eye.' 

' Be-examined b; the dde motion the whole cloud, in genenl and in detail. 
The main body u resolTed, but barely. I ice the stare with the left eye. It is 
Dot like the iH^pitd ground of the skj. The botJen fade away qnit« iDsen- 
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it) were constituted of atara according to the generally 
uniform lawB assigned to the conBtitution of the sidereal 
eystem, the centre of the Nubecula would be the part wboee 
resolution would be most difBcult. It is evident, therefore, 
that the outer parte of the Nubecula are constituted diffe- 
rently irom the central region, and the possibility is sug- 
gested that the smaller stars seen in the central region 
belong in reality to the outer shell, whose real character is 
indicated by the irresolvability of the outer parts of the 
Nubecula's disc (as distinguished from the Nubecula's sub- 
stance). 

In this instance, then, it is distinctly proved that the 
irresolvability of a celestial region under Sir John Herschel's 
20-feet reflector is no proof of relatively enormous distance. 
But what is thus proved for a certain telescopic power must 
be true of all telescopic powers. Hence, whatever the power 
may be under which a certain region appears nebulous, we 
have no proof that the stars contained within that region are 
further off than stars within a region resolvable imder that 
power. But since this must be true of all powers, it must 
be true of naked-eye vision. Hence the stars forming the 
galazy are not necessarily further off than those star-groups 
which the eye can resolve. 

One important conclusion which is, I think, fairly de- 
ducible from what has been shown, is that, supposing a 
spiral of small stars such as I have suggested that the Milky 
Way may be, should extend, along a part of its length, so for 
from the eye as to become invisible through distance, we 
ought not to expect that in passing &om the visible part to 
this invisible portion all orders of resolvabilitj down to utter 

Eiblj, Bud are leu or not at all ntaolred. The bodj of the cloud does not ood- 
giegate «ukA into knote, and altogether it is in no way a striking object apArt 
from tbe nebulft and cluaten.' 

' Upper limit, but htre it u itarrj/, at the other limit ndiuimu.' 
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irreBolr&bility in the most powerful telescopes ought to be 
recognised. Ou the contrary, this part of the spiral might 
exhibit in EuccesBion all the orders of change which the 
retreating group considered above was shown to be capable 
of exhibiting (on a certain, not improbable, assumption as 
to its structure). 

But my object is not so much to find evidence in favour 
of a special theory about a certain portion of the sidereal 
system as to indicate the varieties of appearance which are 
to be looked for in different parts of that system — varieties 
which are, in fact, as likely to be met with (according to my 
views of the nature of that system) around the poles of the 
galaxy as in the richest portions of that wonderfully complex 
zone. 

Moiifhig Sblioa ijf the Bm/al Jxtrtmomicat SocUiy for May ISTO. 
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A PROPOSAL FOR A SERIES OF SYSTEMATIC 
SURVEYS OF THE STAR-DEPTHS. 

When we consider the vast additioD to our knowledge, and 
the yet vaster widening of our conceptions respecting the 
star-depths, which resulted from the labours of Sir William 
Herschel and the great man whose death science has lately 
had to deplore, we cannot doubt that more complete surveys, 
if such could be carried out, would well repay the pains 
bestowed upon them. I apprehend that not the least &mong 
the purposes which the elder Herschel proposed to fulfil 
when he commenced that first great survey, was to show 
astronomers how much the survey of the heavens was needed ; 
and I im^ne that he woiild have been the last to approve 
of that supineness (arising, perhaps, from an exaggerated 
respect for his labours) which has prevented all save his son 
from pursuing the path which he was the first to indicate. 
As to the opinion of Sir John Herschel on this matter, it is 
uanecessary that I should speak ; because he has in many 
parts of his works urged in his own earnest manner how 
desirable it is that the celestial depths should be studied 
much more closely than they could be by only two observers, 
however skilful and energetic, or however patiently they 
continued their labours for many successive years. 

I believe that what is now specially required is a series of 
systematic surveys, proceeding on a principle qmte different 
from that on which the Uerschels found it necessary to 
pursue their researches. A first survey was very properly, or, 
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I should aay, it was necessarily applied vith reference rather 
to the average distribution of the etars than to the special 
laws of distribution which maybe found to prevail either when 
we extend our survey over the different part« of the eeleetial 
sphere, or when we vary the range of our vision by employ- 
ing different telescopic powers. 

I venture now to impress most earnestly on those who have 
sufficient leisure and possess the necessary instrumental 
means for carrying out systematic observation, the extreme 
importance of surveys of the star-depths on methods devised 
with reference to both these relations. 

Let me briefly indicate what is at present wanted, noting 
at the same time that the proposed observations should only 
be regarded as first steps in a progressive series of researches 
direct«d to the solution of the noblest of all the problems 
astronomers can deal with — ike determination of the laws 
(so &r as they are discoverable) according to which the 
heavens are constituted. 

(1.) I have already mapped down isographically the stars 
visible to the unaided eye ; and I think that no one can 
study my isographic chart, or the numerical statistics which 
accompany it in the second edition of my ' Other Worlds,' 
without feeling that even what the heavens disclose to the 
unaided eye has a significance which has too long been 
suffered to escape recognition. 

(2.) I am engf^ed * in mapping down isographically the 
stars in Argelander's charts of the northern heavens — 324,1 98 
stars in all, about 310,000 north of the equator, and about 
14,000 within two degrees south of the equator. When this 
chart is completed, it will serve to show, so &r as the 
northern heavens are concerned, what are the laws of distri- 

• This chart ia now oomplBted; and phoWgmphi of it, with photolitho- 
graphed kejiDaps aie pnbliahed b; Mr, Brothen, of St, Ann's Sqnu*, Uftn- 
cheitei. 
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bution among those stars which tie within the range of a 
telescope 2^ inches in aperture. The correspondence be- 
tween these laws in certain parte of the heavens, with 
those observed in the distribution of naked-eye stars on 
the one hand, or of the Milk; Way, nebulee, &c., on the 
other, will throw light on many questions of interest — for 
instance, on the numerical relations of large and small stars 
(stars really large and small, that is), and consequently on 
the evidence as to the distances of stars of diSerent apparent 
orders. Light will also be thrown on many other queations 
of importance. That this is so I shall be able (I already 
know from the progress of the work) to establish ; but at 
present it will suffice to notice, as evidence of the importance 
of such researches, that Strove, taking only one-tenth the 
number of stars in Ai^lander's charts, and dealing with those 
stars only by averages," not only as respects extension in 
right ascension and declination, but also as respects probable 
extension in space, was yet led to results which are of extreme 
interest if admitted, and highly suggestive even if regarded 
as still open to question. 

The system of charting with a telescope having an aperture 
of 2|-in. requires extension over the whole southern hemi- 
sphere. The results of this extension alone would be (I 
venture to pedict) of the utmost possible interest. For the 
purpose of increasing our knowledge of the constitution of 
the star-depths, actual charting would not be needed, but 
only such a process of statistical enumeration as I propose in 
the case of larger apertures. 

(3.) The Council of the Astronomical Society have kindly 

* How lougb theM war (intoDtionally, of codtm) u Bbown bjr the fact that 
the fhfw<"i c««iilu did not even iodieate the diTinon of the Milk; Wfty 
into two parts orar & regioa dossed bj Strnve's section. ' Cest nae suits 
BStnielle,' says Stiuve on this point, 'de ce .qne notre recherche du disqne 
ne s'est point fg>ite dans tool lee diCadls, maisjiar imru tnliirtM d'oaceneioB 
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placed at my disposal the Sheepshanks Equatorial No. 3, 
having an aperture of 4| inches, and I propose to apply this 
iDstmmeBt to the enumeration of stars lying within the in- 
creased range corresponding to its aperture. The plan I pro- 
pose to follow is to count the number of stars seen in equal 
fields taken all over each region surveyed, and then to map 
down the result isograpbically. It is probable that the very 
limited amotmt of leisure time I can devote to such researches 
may prevent me from surveying more than a small region of 
the northern heavens. But ae my special object is to show 
what lessons such surveys are calculated to teach, I shall be 
well satisfied if I can thus, by example more effectively than by 
precept, engage others who have more leisure and instruments 
of about the size named to extend this survey to much larger 
regions. If the results are not charted by the observer him- 
self, he should keep a guage-book from which an isograpbic 
chart could be formed hereafter. 

The southern heavens also should be surveyed with a tele- 
scope of about 4^ inches in aperture. 

(4.) A survey on a similar plan should be carried out 
over the whole heavens with a telescope 9 inches in aperture.* 

(5.) Star-guaging with powers about equal to those of the 
telescopes with which the Herschels siunreyed the heavens, 
should be carried out on a much more complete plan than 
was possible in the case of astronomers engaged like the 
Herschels on many different branches of research simulta- 
neously. In the present position of sidereal astronomy, 
more is to be gained by the complete survey even of a small 
region in this way (followed by careful isographical charting) 

* I Bpeok here with refereace to refractors. If re&ectora are used in aoch a 
BiiTTey a careful comparlBon of their light-gBthering power, and that of re- 
fracton amplojed in the aama sort of work, shonld be ioBtitHted beforehand. 
If this power were brought to an equality, or neorljr so, different puts of 
the heaTBoa might be dmaltaDPoualy surrejed by observen nsiBg reflecton or 
refractors. 
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than by an incomplete aurvey depending on a law of averages 
which has been proved not to prevail in stellar distribution. 

(6.) A good 4-ft. Bpeculum should be applied to the same 
purpose, even though half-a-dozen generations might have 
to be occupied in the work. 

Feeling absolutely certain of the extreme interest and 
importance of the results which would follow iirom euch 
surveys as I have here advocated, I am by no means deterred 
by the largeness of the labours involved, even in the com- 
plete survey of the heavens with small apertures, from urging, 
those who can do so to join actively in a work so valuable. 
There are so many amateur astronomers who have fine tele- 
scopes for which they can find no employment, and so many 
others who do find employment for their telescopes, but after 
a &shion tending in no sort to advance our knowledge, that 
the work ought not to languish for want of recruits. And I 
should imagine that no training, even, would be wanted by 
a large number of these recruits ; because the eagerness with 
which telescopists are trying to divide difBcult double stars, 
or to see planetary features which their telescopes are just Tiot 
able to show, and so on, seems indicative of an earnest desire 
to acquire a fitness for useful work. I have named certain 
apertures which should at once be applied to the survey, but 
reflectors and refractors of five, six, seven, or any number of 
inches in aperture, could be most usefully employed in 
sidereal survey. 

Monthly Notice* of the Jtoyal Attronomical Sonify for June 1871. 
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APPENDIX A. 



A NEW DETERMINATION OF THE DIURNAL 
ROTATION OF THE PLANET MARS. 

The determiciatioii of a planet's period of rotation, to any great 
degc9Q of exactnsM, may appear a waats of labour. Sir W. Her- 
Bchel conddered such problems worthy of attention, however, aa 
supplying ua with a time- measurer external to Ike Earth, and 
therefore possibly enabling us to detect slow changes in the EUtth'e 
rotation. The planet Mare, undisturbed by the attractions of a 
satellite (uuleaa, indeed, same small moon as yet uadiscovereil 
attends upon him), and marked by easily recognisable features, ia 
clearly the one to be selected for such a purpose ; and although 
modem astronomers would hardly look to Mars for information 
respecting such changes, yet, I think, the bare possibility that at 
■ome future date the rotation of Mara may serve this purpose will 
make the investigatioD of the subject interesting to astronomera. 

Having by me a large number of pictures of Mars, aud especially 
s series of charming tracings kindly given to me by Mr. Dawes, I 
determined to test the periods assigned by Madler and Kaiser 
(24'' 87" 23-8' and 24"' 37° 22-6» respectively). I found that, when 
the pictorea taken by Mr. Dawes in 1852, 1856, 1860, 1862, and 
1864, were examined in purs, the period 24'' 37" 28' waa perfectiy 
ntisfactory. Satisfied, therefore, that this period (or 88,643 seconds) 
was undoubtedly very near the true one, I took longer intervals. 
After being misled for a time by fig. 3, plate xvii., in Lardner's 
' Handbook of Astronomy,' which aeemed to represent the same phase 
as Dawes' picture of Oct. 3, 1862 (see Iiockyer's also cf the same date, 
in vol. xxxii. of our ' Memoirs'), I noticed that, with the appended 
date and hour, that picture (so viewed) was irreconcileable with the 
picture of Sept. 14, 1830. Selecting the latter picture as far the 
A A 
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more marked of the two, larriTedattheconclnBionthattbe period of 
88,643 seconds was slightly too great. Kaiser's Talue, 88,642-6, 
seemed, od the other hand, slightly too smaU. I proceeded to yn 
longer intervals with t^e prorimonal period 88,642'8, which I was 
satuGed was veiy nearly correct The remsinder of the calctilati<« 
I will give more at length. So &r as I am aware the rotation of 
Mars has never before been tested by such long intervals. 

I took, first, Herschel's observation of Sept 30, 1783, for com- 
parison with Dawes' observatioa of Oct. S, 1662. There are several 
peculiarities about this selection. First, the planet was neariy at 
the same part of its path (it is noteworthy that 42 revolutions of 
Mars differ by little more than two days from 79 revolutions of the 
Karlli) ; secondly, he presented nearly the same &ce, and, thirdly, 
the dates of observalaon nearly coincide. It will be found that the 
interval actually separatin); the two observalionB (Herschel's made at 
lO" 30", Dawes at 12" 15") is 

2,493,291,100 avxaia. 
(It will be remembered that 1800 was not a leap-year.) But there 
in a correction for phase, since the planet had not quite reached tbe 
phase seen by Herachel when Dawes observed it There is also a 
slight correction for difference of geocentric longitude, about 4°. 
Both corrections are additive, and they amount together to about 
4,000 seconds. The resulting period 

2,493,299,100 umait, 

divided by 88,642-8, gives a quotient 28,127 twy nearly, litis is 
the number of revolutioss which had elapsed between the two 
observations. Dividing, therefore, 2,493,256,100 seconds by 28,127, 
we get the period 

88,812 76 seconds. 

To t«Bt this we can apply a much more extended interval. For in 
the ' Phil. Transactions,' vol. i. 1666, there are two pictures taken 
by Hooke in 1666. They are dated March 3, 1665 (0>>20°> and 
0>> 30" morning), which being tranidated into our present s^le 
becomes March 13, 1666 (12"20'' and 12'«30»i). These pictures, 
the only fairly recognisable ones in the set of pictures by Hooke aod 
Casuni (shown in the same plate), represent that long sea running 
north and south with which astronomers are lamiliar. 

I selected, first, a picture taken by Dawes, at 10" SO", April 24, 
1856, in which year opposition occurred on April 2. Next I took 
Hooke'e first observation foi comparison with that made by Dawes 
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at 11" 46", Nov. 26, 1864, aa interval of more thao 198 years ; and, 
laatly, a eeries of clearly marked views of Mara, taken by Mr, 
Browning in January and February 1867, afforded me the oppor- 
tunity of eHtimating the rotation of Mars by means of an interval of 
nearly 201 years. 

I now present ia a table the results of die calculation of thexe 
three long periods, viz, from March 12, 1666, 12'' 20™ (aBtronomical 
time and New Style) to 

April 24(h, 1868 (i) 

Nov. 26th, 1864 (ii) 

reb. 23td, 1867 (iii) 

BunltlSB: 
Intern] la Car. for Cor. tor Oomoted lal. Ko. at Rotation 
Int. HoondL OdOO. Long. Phue. Is Boondh RoUCiou Psriod. 

(i) 6,989,52i,200 0" - 12° 6,999,531,246 67,682 88,642-737 

(ii) 6,270,650,760 -248 6,270,^89,696 70,740 88,642734 

(iii) 6,341,394,300 -273 -f 3 6.341,326,690 71,538 88,642734 

Here the results have been brought into close agreemi^nt by 
selecting suitable values for the phase-correctioDs. That these 
values are not far from the truth wiU be seen by the copies of the 
views in question (see Plate If.) ; the arc from cross-line to cross- 
line along the equator of Mars being, of course, S0°. 

The corrections for geocentric longitude may be depended upon »s 
being within 1° of the truth. In Plate II, the positions of Mars and 
the Earth at the several epochs are indicated and connected by 
straight lines.* In determining the approsimate position of the 
Earth at any date several circumstances have to be considered. 
Thus take the oppo^tion of Mars in March 1666. I find that this 
took place at midnight (nearly) on March 18. But it will be seen 
that the opposition line is placed about one quarter of a degree in 
advance of the position given to the Earth on March 21. The ex- 
planation of this will illustrate the process applied to eiich epoch : — 

My chart of the orbits of the four inner planets shows the position 
of the Barth from day to day, on the supposition that at noon on 
December 21 the Earth is at the winter solstice. Noir, nearly 
enough for our purpose, this was the case in leap-year in tho 
beginning of the seventeenth century. But the Karth was about 45' 
in advance of the winter solstice at noon on December 21 in leap- 
years at the end of tlie seventeenth century — therefore, in 1664, 

* The method of interpreting ths lines and drawings in Plnte 11. will be 
bettor understood bj folloving the full description of the final calculatiou in 
the following portion of this paper. 
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ubont Z(y in advance. Again, in each common year the Earth loses 
15', so that in 1666 there was at any hour of an; day, after 
Febmaty 28, a loss of about 30' from the portion held by the E!arth 
at (he same day and hour in 1664. Therefore the position of the 
Earth at midnight, March 16, 1666, whs about that which would 
correspond to that date aa the chart slanda; that is, about two days 
and a halfs motion (or nearly 2^°) behind the point marked March 
21. But owina; to the precession of the equinoxes the lines s ys 
and A 'f in my chart must be ahifled about 2|° fbrwarda around 
their point of intersection to indicate the position they had in 1666. 
The difference ^° indicates the amount by which the oppoution-line 
in question is in advance of the portion given to the Earth on 
March 21 in ray charL 

The close agreement between the results obtained — and that 
without any noteworthy /orci'fi^ of the correction for phase. Me only 
doubtful point in the whole quegtion, induces me to look on the value 

88,642-735 sec or 21* 37- 22-735' 
as very near the true value of Mars's rotation -period. 



Mr. Browning having mentioned to me several months ago, that 
he hoped to be able to obtain several drawings of Mara at the present 
opposition, by means of his 12-inch reflector, it occurred to me that 
I might avail myself of so fovourable an opportunity to test the 
estimate I had formed of the rotation-period of Mars. It is true 
that, when an eetimat« is formed from the rotations occurring in the 
course of so long a period as 201 years, one cannot expect any 
important correction to be obtained by throwing in the rotationa of 
another biennial period. But there was this to be considered : — 
The drawings of Mars which I had used in the former calculations 
had not been constructed with any reference to a compulation of 
tliis sort. Those who are familiar wiUi the diiEcultiea inherent in 
the observation of Mars will recognise the fact that the draughtsman 
might v«ry well place a feature slightly on one side or the other of 
its true positJon. I have found this to be the case in drawings by 
the best observers, at least if the hour and minute appended in to 
be considered the true epoch at which the drawing ia made. On 
the other hand, a ample observation having reference only to the 
central pasenge of some distinct marking is a matter about which 
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thera iB much less chance of oiistAke. The experiments of Sir 
William Herechel as to the views which even unpractiBed observers 
fonn respecting tLe centering of a disc show how little chance of error 
there is in a matter of this sort ; and in the cuse of a practised 
obserrer like Mr. Browning the chance of error was much dimi' 
nisbed. 

The special work, then, which I asked him to favour me by 
carrying out was the observation of a central paaeage of tite Kaiser 
Sea (using the nomenclature of my chart of Mars) — that is, the long 
tunnel-shaped sea tumiiDg nortli and south, sometimes called the 
Hour-glasa Sea. This feature is depicted in two views of Mars 
taken by Uooke on March 12, 1666 (New Style), at 12" 20°- and 
12'' 30"; and my former estimates of Mara' rotation-period had 
been obtained by comparing Uooke's views with drawings of the 
same feature by Uerschel, Beer and Madler, Dawes and Browning. 
From the close agreement between the two drawings taken by 
Hooke and the true figure given to the Kaiser Sea^ I am disposed to 
place much more reliance on his observations tiian one would ordi- 
narily accord to the work of the astronomers of the seventeenth 
century. There can be no doubt tliat be saw t^e Kaiser Sea under 
peculiarly favourable circumstances on that spring night in 1666, 
since his drawings will bear fovourable comparison with any that 
have been obtained in recent times with instruments of moderate 
power. 

So much for the observation which limits one end of tlie long 
period. 

The obeerradon next to be considered is the one which Mr. 
Browning obli^ngly made at my request. According to this obser- 
vation the Kaiser Sea was centrally situated on the disc of Mars on 
February 4, at 11" 3" G.M.T. A few minutes before this hour 
Mr. Browning felt certain that the sea wan to the left of ihe centre, 
and a few minutes after he felt certain it was to the right. Thia 
will be understood when we remember that a point near the middle 
of the disc traverses t^tt^ '^^ ^^ disc's diameter in a minute. So 
that if we take a range of eight minutes on either side of the epoch 
of central passage, we get a range of motion equivalent to about ^th 
part of the disc's diameter, and there would be no mistaking so 
considerable a motion as thia. 

At the hour of obserration the longitude of the Eiarth was about 
135^ decrees ; that of Mars about 141^ d^rees. Maiking down 
the points tbua indicated upon my chart of the orbits of the four 
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inner pknptH, and drawing in also the poicta occupied b^ &e two 
plnncU at the epocb of Hooke's obHerration, I found the difierrace 
of Mara' geocentric longitude to be about 35J degrees. From the 
cnre takea in the conitruction I think this result may be trusted 
an wit)iin a (juarter of a d^ee at the outside. It results that the 
corTtcCion for geocentric longitude may be obtained by adding the 
period in which the pbmet rotat«a through an angle of 35^ d^reei^ 
or by Hubtracting the period of rotation through 324^ dt^^ees. 

NfXt as to the correction for phase. It is obvious from Hooke's 
tirst drawing — see * Monthly Notices ' Gir January 1868 — that the 
Kaiser Sea was some 18 degrees (or perfaapn rather more) from 
central passage at the hour of observation. Thus we must deduct a 
further interval equivalent to the period of the planet's rotation 
rhrough aomewhat more than 18 degrees, because Browning observed 
the plnnet when rotated so many d^rees further than when seen by 
Hooke. 

We have then, in all, a deduction equal to the period of the 
planet's rotation through 324J''+18i° (say) = 343°. This cor- 
responds to a deduction of 

— ' X 88,8i3 BocondB, 
sea 

84,4S7 BMOudB. 
Now the total number of seconds between 

March 12th, 1«6S, 12^ 20-, 

Febnur; 4tli, 1809, 11' 3-, 
will be fotmd to be 

6.103,026,580 iccoiids, 

and the corrected interval is therefore, 



The number of rotations obtained by dividing this period by a 
rough estimate of the rotation-period at 88,642-7 seconds is found to 
be 72,282. 

Lastly, dividing 6,402,842,123 by 72,232, we obttun for the roU- 
tion'period the value 

88,642736 seconds, 



22* 37" 2a'73e wcondp. 
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the Talue named in my last paper on the subject being 

23> 37" 22736 Kconda, 
and the limitij of probable error 

O'OOS iaeonds. 

The three intervals before examined, ranging Irom 190 to 201 
years, gaVe suverally 

88,B42-7S7 uconda 
88,642734 „ 

88,642784 „ 

The interval now considered, one of nearly 203 years, gives a 
value between the greaceat of these and the two others; and as all 
ihe valaes now obtained lie between 

88,64278 b. snd 68,64274 ■. 

we may assume that the planet's rotation-period is lairly repre- 
sented by the value 

22' 37- 22-736'. 

, with a probable eiro'r of 005' and a possible error of 015*. More 
than this error, which gives a range of '03* for each rotation, and 
therefore 36" 6*'96 for the total number of rotatioDs since the date 
of Hooke's observations, it would be unreasonable to admit, since 
the planet's change of appearance, even in a quarter of an hour, is 
perfectly ct^iaable by a praotisad observer. 

Kaiser's period {ii" 37" 22-62*) which differs from mine by 
0115', would throw the planet out, at the period of Hooke's obser- 
vations, by an amount corresponding to the amount of rotation 
during 2i> 20°*. This is not to be thought of for a moment. Hooke 
deplete the Kaiser Sea at a distance of rather more than 18° &om 
the centre, and the change resulting from Kaiser's period would 
throw the Kaiser Sea nearly 50° from the centre. At this distance 
it would have been lost in the haze near the planet's limb, even had 
Hooke's telescope been as powerful as the best modem iustniments. 
On the other hand, the &ct that Kaiser was led to the period 
22" 37" 22-62' by the comparison of some of the best modem draw- 
ings, taken over a widely extended period, suffices to prove that 
Hooke's drawing depicts the Kaiser Sea, and not the Dawes' Strait, 
which sometimee looks not unlike the Kaiser Sea, especially at that 
season of the Martial year in which Hooke observed the planet. 
For Kaiser's period throws the Dawes' Strait almost exactly in the 
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centre of that hemiq>here of Mara which would have been tamed 
away from Hooke at the time of his obserration. 

The period deduced by MeaarB. Beer and M&dler, 22^ 37" 23-8>, 
is disproved by Sir W. Herschel's drawings ; otherwise it would . 
fairly account for Hooke'e drawing on the omission of a complete 
rotation. Herschel's views coming midway between Hooke's and 
modern drawiogs satjsfiictorily remove any doubt of this sort. 

Abridged from the MimtJdy Noiict* of tlu Roy<d Attnmoatieal 
Socitif for Oct. 18ST, Jao. 1863, and April 1869. 
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NOTE ON TSE SUN'S MOTION IN SPACE 



HaVikq recently had occasion to examioe Mr. Main's ' Table of the 
Proper Motions of 1,167 Stars,' and the condnaons with reference 
to the Sun's motion deduced from that table by a method devised by 
the Astronomer Royal, and carried out at his request by Mr. Dunkio, 
I have been led to notice certain fitcts which seem to me to be not 
without mgnificance. 

In the first place, I would call attention to the table drawn up by 
Mr. Dtmkin, in which the sums of the squares of the stars' [voper 
motions are compared with the corresponding sums when the proper 
motion of each star has been corrected for the Sun's calculated 
motion in q>acG. Mr. Dunkin comments on the singular smallneBS 
of the correction thus introduced. And this view seems abundantly 
justified by the table, which runs as follows, the divisions one to 
seTen corresponding to Struve's arrangement of the stars in order of 
magnitude : — 



Sttrru of Squares of Motion i 



Uccxwraotad. 
20837 
1-S743 
9-28S4 
6-4782 
43-4126 
14-8837 
0'7S14 



Parallel 

1-2123 
l-a282 
9-6S07 
fi-4S08 
12-4236 
14-2780 
0-7215 
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Sum of Square 


S of Motion t 


n N.F.D, 


Diriiioa I 


fl-7231 


6-6883 


•• 2 


OiSSl 


07805 


1. 8 


4'»739 


i-im 


t. * 


6S390 


6B2SS 


1. ft 


394335 


S8-7292 


» 


4-6S71 


1-3376 


.1 1 


00951 


00904 








Sum 


63'266B 


80-9084 



Commenting on this result, Sir Jobn Heracliel remarks: 'No 
one need be eurpriwd at thiii. If the Sun move in space, why not 
alao the atara ? And if so, it would bu manifestly abeurd to expect 
that any movement could be asdgned to the Sun, by any ^etem of 
calcalatioD, which would account for more than a very small portion 
of the totality of the observed displace meote.' 

It had always seemed to me that this concloaion might require to 
be modified if the question were subjected to mathematical scrutiny ; 
my reason for forming this view being tliis — that the largenew of 
the number of stars operates as much to increase the extent of the 
correction as to increase the amount of the imcorrected squares, 
since every star is affected by the Sun's motion in space. 

It occurred to me recently that the following fdmple geometrical 
proof serves to show that the correction to be looked for u much 
larger than that which Mr. Dunkin's figures e:ihibit. 

Suppose that in any email r^on of the sky a lai^ number of 
stars (say n), all at the same diaiance from the Earth, are travelling 
in all directions with a velocity exactly equal to that with which 
the Sua is tiavelling. Let aa suppose that the motion of any one 
of these stars which is travelling at right angles to the line of sight 
carries the star over an arc j; in a year ; and that the region of the 
sky is so situated that the effect of the Sun's motion on a star at rest 
(at the given' distance) would be to produce an apparent annual 
proper motion $'. 

Let A B (fig. 19) -p 
CD -J" 

Suppose two of the atara to move in opposite directions, S Si, 
S Sg, along the same straight line, both (we may auppoae for con- 
venience) starting from S, and the lines S S^, S Sj, being in reality 
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equal to A B, but foreshortened. Then the aum of equares for these 
Btnrs, if uDafiected by the Sun's motion, would be 
-SS,' + SS,». 

where S S,, SSj, represent the apparent lengths of tbene lineH, 
Suppose that S E is the apparent motion due to the Sun's real 

motion, bo that S E = C D. 
Complete the parallelograms 

S Si Sj B and S E S^ S„ and ^ ^ 

draw iheir diagonals. Then C D 

the aum of squares for the two* 

stars aa affected by the Sun's 

motion, 

-8,E' + S,E' 

Therefore, for every pwr of 
stars moving in opposit« direc- 
tions, there is an increaae of 2 q"* in the sum of squares. Therefore 
there is an average increase of ^' for each star in the r^ion. 

Now a moment's consideration will show that, precisely as the 
lines S Sj and S S, vary Irom the liill length A B to zero, as we 
vary the supposed motion in all directions around S (for stars in a 
given small r^on of the heavens), so does ' C D vary {roni A B to 
zero as we shift the small region over the bnavens. It is not merely 
that the limits of change are the same, but the proportion of lines 
of a given length S S| for the star's motion is exactly the same as 
the proportion of corrections equal to S Si for the Sun'a motion. 
Since, therefore, for each region there is an increase per star equal 
to the square of the proper motion due to the Sun's motion (for 
ihat region), and the several stars of each region have proper 
motions varying according to exactly the same law as that accord- 
ing to which the eflfect of the Sun's motion varies over the celestial 
sphere, it is obvious that for the whole sphere the effect of the Sun's 
motion must be to increase the sum of squares by an amount 
exactly equal to the aum of squares due lo the stars' own motions. 
In other words, the sum of squares is doubled through the effect of 
the Sun's motioni if only the Sun be assumed to travel at the same 
rate through space as the several stars at a given distance from him. 

It ia obvious also that the same is true if the stars at a given 
distance move with different velocities, but the Sun's velocity ia 
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the mettn (its aqnara equal b> the mean of sam of Bquares) of the 
velocitieB of the scan at nid distance. 

Further, if the mean Telocity of the Mars at a given distance be 
p, and the Sun's velocity be q, dien we have the ratio 

CoTTOcted sum of (qnaraa y* 
Uoconected tarn j' + S'' 

Before proceeding to apply this law, I propose to dedoce it by 
another process, whicli will serre to indicate what is the actual sum 




of squares, corrected or uncorrected, for a given large number of 
star^ all at the same distance from the Earth. 

Let A B C D, Fig. 20, represent a amall circalar space on the 
celestial sphere ; and suppose a large number of stars within this 
space, travelling in all directions with a mean velocity which 
would give to one moving at right angles to the line of sight an 
annual proper motion '^i p. Then, in order to detennine the 
mean square of the apparent proper motion— ^e Earth being 
supposed to be at rest — we may suppose every star to start from 
0, O B =: J), and that the points towards which the stars are severally 
moving are uniformly spread over the small inhere A B C D. 
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Take now a tbin zone of the sphere's surface b; parallel planes 
perpendicular to O B, through L K, M E, where 
OL-x, OH-z + Ix. 

Then the number of stars whoee directions lie towards some part 
of this zone, is (by a well-known property of the sphere), 
n.Sx 
■ 2p' 
n being the total number of stora. 

Again, take planes B O I, B O J, inclined at angles 9 and 6+Se 
to the plane through B and the observer's eye. 

Then the number of stars whose direction is towards some part 
of the smull element I M of the sphere's surjace 

" 2p " 2» 

When the element IH is taken small enough, each of these stars 
has an apparent proper motion, whose square 

Therefore, it Ibllows that the mean value required 



and the sum of sqnareB b therefore 

-'-"/■ <') 

Next let us inquire what the sum would be if the solar system 
were moving in such a manner that each star within the circle 
A B C D was aiflected by a proper motion q (in any direction) due 
to the Sun's motion. 
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Let the motioa be parallel to B, and from right to left Then 
it is clear that the onlj change in the expresuon to be intt^rated, 
is, that for x* we muat write (x—q)*. Therefore the mean square 
will be 

•I , -f -r 

In thia cose, then, the eum of aqnaree is 

Lastly, we have to inquire what is the sum of squares for N stars 
scattered over the whole of the Qeleatial sphere at a given distance 
R, each affected by the proper motion p in tpace, the Sua being 
adected by a motion P (p and P representing the arc-motions due 
to these respective proper motions, when supposed to be taking 
place in a direction at right angles to the line of sight, and to be 
seen from a distance R). 

In Fig. 20, let A B C D now represent the celestial sphere, and 
take 

OL-y 

LM-Sy; 

then the effect of the Sun's motion upon all stars in the zone K M K' 
will be to affect them with a proper motion, 

-V('-£)- 

Hence, by (2) the average proper motion of stars in this band 
and, thecefote, for the whole sphere, the average proper motion, 
■J -E 
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and tlie sum of squares of proper motione 

-^' (P' + P-) (8) 

If P = j) (that is, if tlie Sun's motion be assumed equal to the 
average motiooB of the stars) the sum of equares 

The use of the iotqp^al calculufl, as above, would only be justi- 
fied where N is infinite ; but where N is conmderable, the result 
must be a close approximatiou to the truth, with the assumed 
conditions. And eveu where N ie small, the above result is the 
most probable, in the case of a random distribution of the N stars, 
and of the directions of their motion. 

Now, if we apply these results to the tables given above, we can 
determine how &r the observed proper motions of the stars are con- 
(dstent with the supposition iJiat the Sun's proper motion is not 
very different from the mean proper motion of the stars of different 
magnitudes ; aud ^ence we can form an opinion as to the justice of 
those entimates of the stars' distances on which the values of tlie 
Gorrectiona tabulated above have been determined. 

First, we require the sums of squares of proper motione, without 
reference to direction. Since the square of a star's proper motion 
is equal to the sum of the squares of the star's proper motion in 
parallel and in N.P.D., we have only to add the respective sums 
of squares in the two tables given above, to deduce the following 
table :— 

Sums of Squares of full Proper Motion. 



Doeomcted. 


OCBTBCWd. 


87888 


6'0ODS 


24094 


2-7097 


1*2633 


14-3178 


13-4123 


11-9863 


82-8461 


81-1628 


lS-4308 


18-612S 


■0-8766 


8119 



Sum 142-02S1 136-4917 1167 

Let ua first apply furmulre (2) and (6) (remembering that formula 
(2) is true for the whole celestial sphere). We have from them, — 
Unrorrected aumof gqnttres — — - (y' + P'), 
Corrected sum of sqaares = w-^- 
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Applying this auccessiTdy to the BeTeral divisiona, we obtain 



„ 4 P-p{-3*) 

5 P-i>(-18) 

„ 6 P-J*(-21> 

„ J P - p (-28) 

The results for the second and third divisions suffice to show thnt 
the numbers of stars which &U under these heads are insufficient 
for a satisfiictory determination; and therefore, & fortiori, the 
number of etara in division 1 is insofficient. Hence the result 
P =p (*52] must be diamiased as valueless. But even at this stage 
of the inquiry wo begin to recc^ise that there must be aomething 
wrong about our asaumptions. For even if the nnmbers 55 and 
146 were not in themselves large enongh to lead us to expect a 
aatidactory evaluation Ibr stars in the second and third diviidons, 
yet the ftct that the Sun's motion in space has been correctly 
deduced from a smaller number of stars would justify such an 
expectation. 

I should be led then to suspect from this evidence, that if 
divisions 1, 2, and 3 bad been taken together, a more satis&ctoiy 
conclusion would have been arrived at, notwithstanding the apparent 
necessity of assigning difierent distances to stars in these divisions. 
However, it is not posmble to deterraino how &r this suspicion is 
justified without going over Mr. Dunkin's labonra afreah, with 
changed assumptioDa ; and I have no leisore for the long processes 
of calculation this would involve. 

Next we maj notice that the results for divisions 4, 5, 6, and 7 
are very far irom satislactory. I cannot think it credible that the 
real solution of the difficulty involved in the smallneBS of the 
observed corrections is to be found in the assumption that the mean 
motion of stars of the fourth magnitude is three times as great as 
the Sun's, the mean motion of fifth-magnitude stars nearly six times 
as great as the Sun's, and so on. 

If we try the efiect of diminishing the assumed distances of starv 
of the 4th, 5th, and 6th divisions, so as to accord wiib the observed 
relations, OQ the asaumptioa that in reali^ ^=^1 we have (the 
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^.tnurned diatances being 3*76, 544, and 7*86,* reepectiTelj) the 

foil owing results : — 

For DiTisioD 4 DiiUnM - 378 n -34 - 138 

„ „ 4 „ = 5-44 x -18 =■ 0-98 

„ „ S „ -' 7'8S K '21 - 1-65 

As division 7 includes but 21 Btare, we cannot expect anj trust- 
worthy results from treating it in the same way. 

The evidence thus fiir seems strongly opposed to accepted views 
ret^fectdng the dislancee of stars of iJie smaller visible magaitudes. 
A further inquiry on this point seems, therefore, suggested. And it 
is obvious that in the above table of sums of squares we have the 
meant of testing how iar the assumed distances of the stars of 
various orders accord with the observed proper motions. I make 
the assumption that the Sun's motion is equal to the averag« proper 
motion of the fixed stars. This assumption affects the actual, but 
not riie relative, values of the distances which result from the 
tbllowing prooesaes. 

We have then formula (7) to deal with. Applyiog it to the 

wicceaeive orders of stmrs, i.e, putting -„-p* successively equal to 

the values tabulated in ihe forgoing coluniaa of UDcorrected sums 
of squares, we obtain 

ApTsrenC BmilUng 



7 0-173 6'0 

This result is unsatirfactory in the extreme. We find stars of the 
second roagnituile placed further from us (according to this mode of 
estimaliog their distances) than stars of the 3rd, 4th, dth, and 6th 
magnitudes. 

Remembering the evidence we have already had, that ( 1) there is 
something erroneous in our assumptJoDs respecting star -distances; 
and secondly, that small numbers of stars are insufficient for our 
guidance, let us apply a test which there ought to be no mistaking. 
Let us divide the stars into two sets, the first including divisions 1, 

• Stnive'fl TaluCT. 
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2, 3 ; the secoiid includiog the reiQUDing dirisione, nnd let un apply 
formula (7) to these sets. 
We oblain. 

For S*t 1, Appannt Proper Motion, 



For 3«I 3, Appttrsnt Proper Hotioig 



This result would make the mean distance of stais of th^ first 
three magnitades equal to (or very slightli/ lest than) the mean 
distance of stars of the next t&ree magnitudes ! 

I am very &r from supposing that this result accnratelj represents 
the relations Rubsisting among the stars ; but I do think that it 
Eufiices to render the usually accepted views respecting stellar 
distribntion wholly untenable. Remembering that whatever theory 
we form regarding ><he relation between the apparent brilliancy and 
the real distance of die stars, we must yet recognise the fact that the 
stars are at very various distappes from us, I think it must be 
Admitted that the apparent brightness of a star is, to a certaitt extent, 
an aignment of relative proximity. A large proper motion is also 
an argument of relative proximity. If the two indications agreed 
either for separate stars, or for set^ of stam arranged according to 
apparent brilliancy, there would be no difficulty. As we find, how- 
ever, that there is no such agreement, we are forced to consider 
whether brightness or large apparent motdon is the stronger evidence 
of proximity. Judging from the analogy of the solar system, id 
which the range in the variations of magnitude is enormously greater 
than the range in the variatioDB of velocity, we seem strongly led to 
look on the prop«x motions of stars as in reality the best evidence 
we have respecting their distances. Bnt this conclusion is veiy 
much strengthened when we remember that the dynamical con- 
ditions in the sidereal system must be much more un&vourable to 
the occtirrence of wide variations of velocity, than the conditions 
which prevail in a system of bodies circling around a central body 
enormously large compared with any of its dependent orbs. 

I think, then, that 1 may feirly look npon the above inquiry as 
affording very striking evidence in favour of the view I had formed 
from other condderations, that the assumed estimate of the distances 
of the smaller stars has been greatly overrated. And as this con- 
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elusion may obTiotulj be extended to yet emaller stars, I thiak that 
I have not been deceived in looking upon the relations which subffist 
between the Milky Way and the lucid stars in its neighbourhood as 
veiy much more intimAte than has been commonly supposed. I 
believe that iiiture researches will prove, not only that the Milky 
Way as a whole ia much nearer than we have been imagining, but 
that portions of it are absolutely nearer to us than the brightest of 
the u'ngle atars. That parts of the Milky Way, for instance, in the 
neighbourhood of a Ceatauri (the nearest of the fixed stars, so far as 
is yet known), are nearer to us than that star, I think the whole 
aspect of the gahuy in that neighbourhood suffices to suggest, if not 
to demonstrate. 

Montifji Noticaoftht Boi/i^ Mlroitomifal Soeklvtot Novsuber 1870. 
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APPENDIX C. 



NOTE ON TEE TBANSFT OF VENUS IN 1874- 



MASS in 1769. 

HayIho applied geometrical testa to tfae elements dlscosaed in the 
paper and mapa bj the Astronomer Royal .(' Monthly Notices,' 
December 11, 1668), I waa led to believe that Bome of the cor- 
rectiooB which would rexolt from an exact calcolation of tfae cir- 
cumstanceB of the two Tranaita of Venus, would be larger than a first 
Tiew of the eubject might suggest. I now present some of the 
results to which mj examination of the Transit of 1874 has led me, 
reserving for a future occasion the examination of the Transit of 
1882. 

I premise that internal contacts are the phenomena to be specially 
considered; so that, although I have calculated tfae position angles 
for external contacts and passages of Venus's centre, I have not 
thought it neceasaiy to determine the exnct points on the Earth's 
Bur&ce at which these phenomena are most affkited by parallax. I 
must also add that I have taken as the basis of my calculation the 
following elements calculated by Mr. Hind, and obligingly supplied 
me by the Astronomer Royal. 

Trantit of Venus, December 8, 1874, 
For the centra of th« Earth. 
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Intenal contact 17 57 S GiMDwiel^ Mmh SoUc Tiaa. 
Eiternai conUict 13 26 £ „ „ 

Tbe elemeats seat me also contaiDed th« position-angles for 
external contacts, but as these were only given to tentbH of degrees, 
I preferred to recalculate them. 

From an examinstioQ o(the»e denents I leam that the estimated 
diameter of Venus is about 7,36i miles, con«spoDding to aa apparent 
Bemidiameter of 8"'305 at the Earth's mean distance, and an assumed 
equatorial horizontal solar parallax of 8"-94. 

The Sun's longitude on December 8, 1674, at 16^, I estimate at 
256° 57' (widi aufficient i^pi oximation) ; the apparent inclination of 
the Sun's «cUptical diameter to a declination-parallel 5° 36' (the 
wealem cod raised towards the north) ; die Sun's declination 
■jr 49' S, 

The &rmuW I have used are founded on the IbUoving eonsidera- 
tiona. Conceive the Sun and Earth enclosed in a cone vhose 
vertex is bejond the £)artii, and also in a double cone whose vertex 
lies between the Earth and the Sun. These coses will have a 
common axis — namely, the Earth's radius vector. Now, it is ob- 
vious that when Yraus has reached the suriace of the outer oone, a 
transit commences at a certain point on ^e Earth's surface. As 
soon as Venus has readied the sur&ce of the inner cone, tranut has 
begun for ail places on the Earth's illuminated hemisphere. The 
former contact corresponds to the case of ingress accelerated by 
parallax, the latter to the case of ingress retarded by parallax. 
Similar considerations apply lo egress as affected by parallax. 

It ia clear thut if we suppose the Earth's radius-vector reduced to 
rest and the motion of Venus correspondingly retarded, the re- 
maining motion of Venus is that with which she may be aasiimed to 
traverse the section of the pair of cones above described. Thus it is 
ea^ to calculate the duration of a centiul passage for external and 
internal contacts, or for the centre of Venus, and either for the outer 
or inner cone, or for a cone between the two having the Earth's 
centre for vertex. The case of external contacts for the last- 
mentioned cone gives the duration of a central transit as seen from 
the Earth's centre ; and by comparing this duration with that given 
in Mr. Hind's elements, we can tell how far the transit of 1874 
difiers from a central one. 
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Od Bach cooaideratioDa the following foimoLe and calculations are 
founded : — 

Lei D — Son'i diuneter. 

d = Earth's meao diBtance. 
if — Vuiiu'b mean diitaDCe. 
r 1^ Earth's actual dJ*tai]««. 
/ •- Taniu's actual distanca. 
o = Earth's iu«an velocitj. 
tf — VitDiu's mean velocit;. 
A a Earth's msan diimetar. 
A' - TeDos'a meao diameUr. 
i >■ incUnation of Tgdhs's orblL 

Then »*=»./-; the actual velocity of the Earth is c ~ (very 

nearly) ; that of Venua is tr^ /-- . — = b ; yelocity of the 

Earth's tsdina rector at Venue's distance is v — ,-. Whence it 

readily follows that the actual velocity with which Venus crosses 
the section of the cones described above is 



-v/1 



-^Z (rf'r" + <i<fr*-2 rf* if if* />«»() ■i-r't-' 

^V, suppose. 

Also the cross-section of the cone whose vertex is at the Earth's 

centre is'D ( — ■■ V Therefore, the duration of a central transit 

of Veniis's centre 

_ 1 /D(r-^l. 
V L f /' 

the duration of a central tran^t for external contacts 
the duration of a central tranut for internal contacts 
all these phen<aneDa being supposed to be seen Irom the Earth's 



,.,.d,i. Google 



THE TRANSIT OP tENUS IN 1874. 375 

ceotre. To determioe the interval between pli^ilomena adected hy 
parallax, we have, the section of the outer Cone mentioned above 

the Bection of the inner cone mentioned above 

and it iS readily s^en that, for a central transit, the interval between 
first external colitact most accelerated by parallax and laet external 
contact moat retarded, ia 



the interval between first external contact moat retarded by parallax 
und last external contact most accelerated, is 






the interval between first internal contact most accelerated hj 
paraliax and last internal contact most retarded, ia 

and, lastly, the interval between first internal contact most retarded 
by parallaac aniJ last internal contact moat accelerated, is 

By taking the recognised values of D, A, A', c, d, d', and t; 
r =-98480 (the Earth's mean distance being unity), and r'= 72041), 
all the above intervala are readily calculated. The duration oV u 
central transit of Venus's centre, seen from the Earth's centre; Ih 
found to be 7'' SS*" 3'256'. A ^milar transit calculated for external 
contacts has a duration of 8'' 10" 25'140, or 817365 hours. Since 
the duration of the transit of 1874, estimated for external contacts, is 
4'652.'i hours, we have for determioing the arc 20 of which the 
actual path of VenuE is the chord,* the equation 
- . _*;6fl25^ 



^° sin 31°4I'40"Bppiozimfttel7; 



* The arc and chord here referred to belonfir to a circle havinga diameter of 
f. D ^-^— ' -<- a' f ; but the positioa-augleB eventual!; deduced may, of course, 
be referred to the Suq's due. 
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and it is clear that the distance eep«ratiiig the chord of transit from 
the centre cS (he section is 



.!{?£z£3,A.}„ 



This distance is a constant in ihe calculation, and it will be c«d- 
Tenient to call it it. 

Now, if we want to deteTmine the duration (l) of the transit of 
Venus across a section of any other radius, as t, and the cor- 
responding arc of transit (2 f) we have the fonuuln 

We must give to S «, successively, the fonr Taluea inclnded in ibe 

espresBJon 

In this way the dtiiations were calculated which correspond to the 
epochs given in the accompanying table. Por deducing position- 
angles from the arcs of transit, we have — 

The apparent angle at which Venus is ascending from the ei:liptic 
towards the west 

.,^„.-,j__^^l^Li__|.,., 

The angle at which the ecliptical diameter of the Ban is inclined to 
a declination -parallel (west end raised towards the northj 
= 6° 36'. 

Therefore the apparent angle at which Vcdub is crosnog a 
declination -parallel, rising towards the west, ^14° 45'. 

Thence it readily follows that the arc of tranMt 2 (34° 41' 40") 
corresponds to the following position'angles, — 



These values correspond satisfactorily with those given by Mr. 
Hind, VIZ. 130°'6 and 160°'0. The same angle 14° 45' applied to 
ihe transit-arcs obtained in the other cases examined, gives the 
position angles in the second column of the following table : — 
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Elements of the Transit of Venus, December 8, 1874. 

G. M. T. Portion mslfl. 

13 37 35 128 48 from S to 
13 16 6S ISO 33 „ 

„ most reluded tgr par. 13 61 47 132 41 „ 

First internal contiict, mostaccel. b; par,* li t G9 138 M „ 

„ from Earth's centM 14 16 57 13» 28 
„ „ moat retarded bjp&r.* 14 29 6 119 29 „ 

Last internal coDtact, most accet. b; par.* 17 43 58 168 57 from S. to 
„ from Earth's c«Dtre 17 57 5 166 59 
„ most retarded by par.* 18 9 4 163 27 „ 

Last external cooUct, most accel. bj par. 18 15 15 163 12 

„ from Earth's centre 18 26 S 160 4 „ 

„ most retarded by pur. 18 35 20 158 19 „ 

To which may be added, 
First passage of 
Lust 

(both as seen from the Earth's centre). 

The phenomena marked • are those vhich now coDcern ua. We 
notice, first, that the maximum interval of time to be determined hj 
the observations applied to the ingress and ^jreaa (internal contacts) 
is 25" 6'. This is tlie interval which would result if each observa- 
tion were made when the Sun is onlj raised above the horizon 
through the effects of refraction. A somewhat longer interval might 
be dealt with if the effects of refraction were considered, and if the 
observation of contact were posMble when the Sun is close to the 
horizon. But we need not inquire into the possible extent by which 
the interval might thus be increased, since observations when the 
Sun is on the horizon are not available in the present instance. 
Practically we may consider that an interval of about 20" haa to be 
dealt with, or at the outside 22". Ah this interval is directly 
proportional to the solar parallax we can estimate the effect of errors 
of observation, or of error in the determination of the longitude of a 
station. An error of one second in the determination of an interval 
of 21" would correspond to an error of about 0"-007 in the 
determination of the solar parallax. 

(In an addendum, 1 propose to deal with the method of deteimin- 
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ing the solar parallax bj difference of duratioos, so &r as this method 
is applicable to tlie transit of 1874. Unlesx I nuBtake, I shall be 
able to abuw that more is to be hoped from the latter method, 
than from the one which is the object of the present investi- 
gation.) 

To return to the consideration of the actnal circnmatancea under 
vhich ingreHS and ^reas aie moat dffected b^ parallax. To deter- 
mine the longitude and latitude of the four poinia on the Earth's 
surface at which the acceleration and retardation have thdr maximum 
Talues, we have the following formulie— 

Let P=tbe positioD-angle, measured trtia tb* south poinL 
I B Sun's dediDstioD. 

«=eqDationof time (additive tomeaD tims). 
i = hoiir at which a pheaomeDon (isgreea or egresa) occurs, 
^E latitude of point required. 

X' — longitude of point required (A' bring estimated from the 
meridian along which it ia app&reiit noon at the epoch of 
the pbenomenon). 
Then gini-coaPcosl; audcot X'-cot P ein (. 

I give the formulte in this form as being that I have made use oft 
Striotly epeoking, a reference should be made to the sgns of ', X'; 
but the circumstances of each case are quite sufficient to clear up 
any doubts which might ariiie. It is obvious that fur the first and 
fourth phenomena marked * in the above table, the latitude is north, 
and for the others south; because, referring to the preliminary 
considerations it is seen that the tangent-tines conespondtag to llie 
former pair of phenomena belong to a cone whose vertex is outside 
the Earth, whereas the tangent-lines corresponding to the other 
phenomena belong a cone whose vertex lies betneeu the Earth and 
the Sun. From similar considerations it fellows that the longitudes 
in th^ first and third cases are eastward of the meridian along which 
it is noon at the respective epochs, whereas, in the second and fourth 
cases, the loDgitudes are westward of the corresponding meridian. 
With this relation in view, the actual longitude (\) east of Green- 
wich is given by the expression 

{Note, e changes by a few seconds during the progress of tlie 
trandt.) 
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Thus we obtain the following results: — 

(i) The' placs at which flrat internal contact ii ° ' a i 

most accelerated lies in . .39 4S N. 143 23 W. 

; (ii) The place at which first internal coniaot is 

mail retarded lies in . . . . 44 Sf 8. 26 27 E. 
(iii) The place at whlcb last internal contact is 

most accelerated lies in . . 64 47 S. 114 37 W. 

(iv) The place at which last internal contact is 

most retarded tice in . . 62 5 N. 4S 22 E. ' 

On b comparison of these portions with those mftrked in the 
Astronomer Royal's maps, it will be noticed that the agreement ia 
much closer for the places which fidl in north latitud* (that is, cases 
I. and IV.) than for the other two. Indeed, as respects the two 
former positions there is little to afiect the general conclusions which 
tlie Astronomer Royal has deduced irom geometrical considerations. 
In case 1. (first map of Plate YI.) the point of maximum acceleration 
has been removed some 280 miles towards the norlh-weat, rather 
westerly; and in case IV. (second map of Plate VII.) the point of 
maximum retardation has been removed some 220 miles towards the 
north-east. 

It is in cases II. and III. (see the other maps of Plates YI. and 
VII.) that the most important changes have been made. In the first 
the point of inaximimi retardation has been removed to a distance 
of upwards of 800 miles towards the south-west. This change is 
un&vourabte so for as the choice of stations for observing the re- 
tarded t^ress is concerned. Fort Dauphin in the Island of Mada- 
gascar (whete, however, the Sun would be low at the time of internal 
contact at ingress) and Prince Edward and Marion Islands, are the 
places which, with Crozet's Island and Kerguelen's Land, are best 
placed for this observation. 

In case HI. the change which has been tnadeis not quite so large. 
The point of maximum acceleration has been shilYed nearly 700 
miles towards the Bouth-esst, rather esKterly. This change is also 
nn&vourable, as it removes tlie point iiirther away from all the 
places mentioned by the Astronomer Royal. It follows that Auck- 
land Island, Emerald Island, and Yictoria Land, are the places best 
situated for observing the egress accelerated by parallax.* 

* The reanlts of ealcolatioDa similar to the abors, applied to the tratasit of 
1882, are as follows: — 
[The eUments marlced * being deduced &em the formulB dtscusaed in mjr 
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A portion of the corrections which have here been mentioned ar« 
due to the choice of internal coatacu as the phenomena to be chiefljr 
attended to. I believe no doubt can exist that this choice ia a just 
and proper one. Indeed, bo &r as I am aware, no calculations for 
the determination of solar parallax have ever been founded on 
attempts to determine the epoch of external contacts. 



Since the above was written I have re-examined the whole 
subject by a new method, with results strictly accordant ffilh those 
above obtained. But additional inquiry into the circiunstancea of 
the transit of 1874, with special reference to the question of duni- 

piip«r Id the Uarch Dumber of the ' NatieeB,' and tlie othen baing Mr. Hind's 
fundameBlal elemeDls of the transit] — 



a.H.T. FmoS-IoK. 



First Ei(«inBl Coatatt (from Earth's centre) 1 fiS 38 

■First iDteraal Conlsa (moat Be<«lera(«d b; pamllai} 2 7 fil 

(from Euih's eenUe) 2 IG 66 

• „ „ (most wtanied by parsllai) 2 24 18 

I 
•Last Internal Contact (most accelerated by paralki) 7 4* 6 
„ „ (from Earths CMitre) J S2 27 

• „ ,. (most retarded bj parallai) 8 32 
Last Eitcmal Contact (from Earth's centre) 8 12 i^ 



The FsIcuUled positiona of tbr place* where i 
afli-eted by parallax, are as follows : — 






(i) The place where first internal contact') ji j g 86 48 K 

is most accelerated, lies in J 

(ii) The place There first intamalcontadX 53 ,g 5. 84 28 W. 

is most retarded, lies in J 

(iii) The place where last internal contActl 
is most accelerated, lies in / 

(iv) The place where last internal n 

Not one of tliese places difiers by mnch more than 300 miles from the corre- 
sponding place obtained by considering Che passage of Tenua's centre, with the 
poeitioD-angle for external contact, — the phase with reference to which these 
places hod hitherto been calculated. 

The transit of 1SS2 has an interest which that of 187f wants, in beLag par> 
tiailj visible in England. 



20 18 S. 40 1 W. 
33 46 8. 137 11 E. 
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tion, and for the caae of internal contacts, Baa led me to still clearer 
evidence of the Talae of thb tranat. I have coiutruct«d the ortho- 
graphic projections of the Earth for the epochs of first and last 
internal contacts as seen from the Earth's centre. Across tliene 
projections I have laid down the lines which ^nark the order of the 
occurrence of internal contacts as seen from different parts of the 
Earth's sur&ce, irom minute to minute. Thns, in the Erst pro- 
jection I have a series of twenty-aix lines comroencing with a 
tangent to the Earth's north-easterly quadrant, 133° 56' from the 
north, and ending with a tangent to the Earth's south-westerly 
quadrant, 139° 36' from the south ; in the second I have a similar 
number of lines commencing with a tangent to the Earth's south- 
easterly quadrant 165° 59' from the north, and ending with a 
tangent to the Earth's north-westerly quadrant 160" 4' from the 
south. These lines enable one at once to recognise the best stations 
for observing the transit as most lengthened and as most shortened 
by parallax. 

I find that any part of a nearly circular region extending from 
Lake Baikal to the southern part of Saghalien Island, and from 
north latitude 40° to north latitude 60° gives a well-lengthened 
transit, while the northernmost part of this region gives a lengthen- 
ing of about 16^"". For southern stations there is a wide range of 
choice, though only three or four stations give nearly the Aill available 
shortening. I find that Petra Island (assuming it rightly placed in 
my atlas, viz. in west longitude 88*, and south latitude 71°), gives a 
transit shortened by 20™. The place near Repulse Bay mentioned 
by the Astronomer Royal as suitable for the observation of the 
transit of 1882, gives in 1874 a shortening of 18^". The place near 
Victoria Land similarly referred to by Mr. Airy, gives a shortening 
of 18^ in 1874. A place on Enderby Land wilt give a shortening 
of no less than 20^". Crozet's Island and Kerguelen's Land are 
also suitable, giving transits shortened by 17" and 16*° respectively. 
Macqnarie Island, Royal Company Island, Hobart Town, and even 
parts of New Zealand, would serve as usefiil snhsidiary stations. 

The best southern station taken in conjunction with the best 
northern station gives a difference of duration of no less than 36-^™. 
The maximum of diSerence in 1882 will be about 28'°. This is 
founded on the Astronomer Royal's statement that Sabrina Land 
and Bermuda give a difference which is to the absolute maximum 
of difference (321" for internal contacts) as 341 to 400. Thus if 
we assume the value of a transit to be directly proportional to the 
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observable difference of duratioD, the tmnut oj 1874 is more valu- 
able than that of 1882 in the proportion of 36^ to 28, or more than 
9 to 7. If, however, we hold that the elowness of ingresa dimiaiahes 
the value of a transit in precisely the aame proportion that it 
increases the maximum difference of duration, the Iran^t of 1874 la 
inferior to th^t of 1882 in the proportion of 

'** to — 
5bi Zll 



IT almoat exoctlj 6 tA 7. 



Probablj the truth lies between thene reeulta, so that we may 
awgn to the transit of 1874 a value which bears to that of 1882 the 
ratio of 

) (9 -I- S) to 7, tliat IB, IS to 14. 

Judged in either way the tnm»t of 1874 ia superior in value to 
that of 1769, as actually utiliatd. 

la any case, it seems clear that the method founded on observed 
differences of duration is not inapplicable to the transit of 1874. 
On the contrary, when we remember all the difficulties in the way 
of the second method, the former seema to be the one from which 
the most satis&ctory results are to be expected. 

Monthly Notica (^ lit Eoj/ai Aitnmomical Society for Manli I8S0. 



In the ' Monthly Noticeii ' for March 1869, 1 indicated my intentioD 
of applying more exact modes of examination to the circumstances 
of the approaching transits of Veniu, than had hitherto been consi- 
dered necessary. In resuming the examination of the tianat of 
1874, 1 feel it necessary to call attention to tLat statement of my 
object, lest it should be thought that the corrections which I have 
been led to make on former results, point to errors in the processes 
by which those results were obtained, whereas, in reality, they are 
only due to the intentional n^Iect in prior work of considerations 
which even now many may be dis^Kwed to look upon as unneces- 
sarily exact for the purposes of a preliminary inquiry. To atill 
ftirther obviate this objection (which, however, is not likely, I 
think, to occur to any one who has read my former papers), I shall 
for the most part refer to former results as those which have been 
obtained on such and such suppoutions. This is the more adviib 
able, because I find that astronomers are willing to accord the same 
de^free of accuracy to my results in relation to the modes by which 
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they have beeii obtained, ns I ^m ready to assign to other results 
with a oorteRpoading proviso. 

It may bo neceesary, however, before proceeding to a detailed 
examination of the circumntances of the comiog transit, to inquire 
(1) how far it is necessary or advisable to aim at exactness in the 
preliminary investigatioq of the subject; and (2) whether the phase 
which I h^ve selected for examination is well chosen. 

As a reason for applying a comparatively rough mode of exa- 
mination lo the circumstances of the transit, it ha? been ui^d that 
there is some uncerlainty as to the exact moment of conjunction of 
Yenue and the Sun, and as to the exact distance which will separate 
their centres. What js the tange of possible error due to this cause 
I will leave to others to determine. My own impression is that it 
is very amall, whether considered absolutely or with reference to 
other sources of error which it is in our power to remove. But 
whether this be so or not, it seems clear to me that the possible 
errors, aa to time and position -angle, arising from this cause, must 
he looked upon as affording additional reaBai^ for exactness in other 
matters, For, should any error resulting from disregard of exact 
considerations happen to be addittve to errors resulting from in- 
accuracy in the Planetary Tables, it might happen that the conclu- 
sions to which we should be drawn would affect appreciably the 
success of observations to be made upon the transit. 

The possible inaccuracy of the Planetary Tables seems to be the 
only source of error which it js out of our power to get rid of alto- 
gether. Therefore, as the choice of stations depends in certain cases 
on considerations of some nicety, it seema to me that the only basis 
for a proper selection is the determination, with as much accuracy 
as is readily attainable, of the circumstances under which the phase 
selected for observation will be seen at different stations. It must 
be remarked, however, that the formuls and calculations by which 
I have determined the ciicumstancea are not by any means neces- 
sary. A process which I will presently indicate suffices to give, 
with scarcely any labour, all the necessary information respecting a 
Ifli^ number of stations, and that with a degree of accuracy amply 
sufficient for all the purposes of the inquiry. The only way, how- 
ever, in which I could conveniently present my results for the study 
of those who take interest in the subject of this transit was that 
which I have selected. 

As to the selection of internal contacts as the phase to be specially 
dealt with, there may be, of course, a difi'erence of opinion. I am 
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told, for inatance, that in France there is some qneedon of observing 
external contacts also. In this case it would be advlaable to make 
external contacte the detennining phase (if a choice had to be niade), 
or to determine for several statione the circumstances of both phases. 
For as at ingrees external contact takes place about half an hour 
before internal contact (for every Etation), it is clear that the stations 
for observing retarded ingresa (always so selected that the Sun is 
lately risen) must be chosen with reference to external contacts, if 
it is a sine qud non that these are to be observed. II' such a station 
were selected with reference to internal contact, with a moderately 
good solar elevation (necessarily soon after Sunrise), it is obrious 
that at the epoch of external contact half an hour earlier, the Sua 
would be too low. Considerations of the same sort apply to the 
observations of accelerated egress. 

It appears to me for these reasons that the consideration of both 
phases is inadmisaible, and that though external contacts may be 
observed with advantage when they happen to be visible at well as 
internal contacts, yet the stations must be chosen with strict refer- 
ence to the latter phase, which is admittedly &r the better of the two. 

As M. Puiseux has given reasons for selecting the passage of 
Tenus'a centre over the Sun's limb as the phase to be considered in 
the preliminary inquiry, it may be well to examine how lar those 
reasons are valid. He remarks that what is actually observed is 
the exterior or interior contact, but that, as the epochs of these 
phases are separated by nearly constant intervals for all stations, we 
may neglect the consideration of those intervals when all that we 
require is to determine the relative values of different stations. I 
venture to submit the following reasons for looking upon this line 
of argument as inadmis^ble : — 

It is to be noted, in the first place, that the interval between ex- 
ternal and internal contact is not constant, and although its range 
(from 26" 24' to 31" IS*) may seem small, yet, where the values of 
stations run close, the differences thus resulting are quite sufficient 
to turn the scale in several instances. But we may also look at the 
matter in this light : the change of phase results in a change in the 
position of the stations of maximum acceleration, or retnrdation, and 
this change amounts in certain caws to hundreds of miles. Now 
the circles which give a definite coefficient of parallax in one of 
these cases,* have equal radii, but their poles (the stations just 

• The coefflcient of parallai is lii« proportion which tho total accoIeraliMi 
or retardation of the contacts of Yenna. as smd at kdj given staCioD, beam to 
the maximum acceleration or retaidatioa respectively. 
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mentioned) are separated by a considerable diBtance. Therefore the 
circles must intersect. At a point of iIlte^sectio^ the coefficients are 
equal for either phase : on one side of that point, the noininEd value 
of the coefficient ia improved hj the change of phase ; on the other, 
it is deteriorated. Tiiia proves tbat the relative valuen of stations 
cannot remain unaffected by a change of phase, and suffices to 
account for the corrections introduced by my consideration of internal 
contacts in place of the passages of Venua's centre. 

It would be incorrect, however, not to mention that the larger 
part of the corrections I now propose to consider, results from 
another cause than the change of phase — namely, from the effects of 
parallax — which it has not hitherto been thought necessary to take 
into account. The application of the correction due to the equation 
of time has also to be mentioned as appreciably affecting the extent 
of the changes which are here dealt with. 

I may summarise these changes under three heads: — 

1. The application of Deliale'a method of absolute time differences. 
The relative as well as the absolute values of many stations arc 
affected by the change of phase. Some which had hitherto appeared 
unsuitable are found to be unobjectionable. Others which seemed 
good appear unfit. In other cases the relative values of two stationH 
are so affected that the results of a comparison between them are 
directly reversed. Lastly, many stations not hitherto thought of in 
connexion with the transit are found to be well suited for tlie appli- 
cation of Delisle's method. 

2. The comparison between Delisle's and Hallf^t methodr. 
Halley's method is found, not merely to be applicable with ad- 
vantage, which is all tiiat can be said of it when central pas!>ageB are 
considered, but to be superior to Delisle's, — slifrhlly, when reference 
is made only to such stations as had been hitherto dealt with, 
noticeably when antarctic stations are made use of. 

3. The comparison between the Transits of 1874 and 1882 toith 
reference to Halle;/' s method. This comparison, conducted according 
to the principles laid down by Mr. Stone (than whom no one is 
better entitled to pronounce authoritatively on sach points) shows 
that Halley's mode may be applied much more advantageously to 
the transit of 1874 than to that of 1882. 

I premise that I have carefully gone over all the calculations on 
which the resultsof my former paper were founded, and have applied 
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so many independent modes of calonlation that I can no longer en- 
tertain any donbt as to the accuracy of those results.* 

Tlia renilb; to be now brought into comparison for the sake of 
forming an estimate of the effect of phase, parallax, and the equation 
of time, upon the values of varioua slatiooa, may be thus classed : — 

A, those deriTed froiD thn conndraation of central paamges, a» supposed to 

be Men from the Earth's ceatre, with (ha poaition-aoglee conesponding 
to eiteraal contuot. 

B, tfaosedariradfrom the sam" phase, umilaFlyieeD.wilhthepoeitiiHi-aDgUi 

corrsspODding U) central pasrage. 

C, tho«a deriTed from th« consideratioD of intornBl eontst^U, as seen Ttom 

the sUtioDB theiDBelres, sod with the position-aagin comepoading to 
the phase so eeen. 
Kute. — The resolls uodpr head C have alone been corrected for eqniition of 



The following table exhibits the position -angles and epochs (for 
ingreas) corresponding to A, B, and C : — 



Accelcrnti^ Ingress 


131 


133 29 


133 £6 


U U 


13 66 


Mean Ingreea 


131 


133 29 


136 2S 


U 


13 55 


Rrtaided Ingrees 


131 


133 29 


139 29 


14 


13 66 



In preparing the columns under head C in the accompanying 
tiibles, I Imve made une of the six orthographic maps shevn in 
Plates VI., VII., Vlir., and IX. These were constructed with every 
precaution to ensure accuracy. The intersection of longitude-lines 
and latitude -parallels (to every 10°) were separately constructed 
for, by a double process, and in all critical caaea further tests were 
applied. In all, the construction of the maps involved upwards of 
3,000 meaBurements, and from the scale on which the maps were 
constructed, the practice I have had in orthographic mapping, and 
the care used in the present instance to ensure accuracy, I feel that 
I may safely claim for the numbers under the columns beaded C in 
the following tables, a satisfactory degree of trustworthiness. 

■ This paper had originnll; exhitiited an independent mode of establiahiag 
my conclusions, (bunded on a simple mnslruction applied to the elements given 
in Ur. Be la Rue's pappr on the transit {Month!;/ Koticfs tor December 1868). 
For the sabe of brevity, I have thought it best tt> omit this part of the paper, 
the accuracy of my conclusions not being, I Bnd, culled in question. The node 
of construction is, however, brieSj referred to further on. 
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The aiit maps inclade four quarter- aphereB, PUtea YL and Vn., 
exhibiting the solar pJerations and the coeScieDta of parallax.* 
The other two exhibit the Earth as supposed to be seea from the 
SuD at ingress and egress (mean, and for ioteroal contacts). In these 
the Bolat elevations are indicated bj circles, and in place of 10 
parallactic parallels, corresponding to the paiallactic circles in the 
other map, there are laid down parallactic linee corresponding to 
intervals of one minute (the line across the earth's centre being 
taken as a zero-line). These lines are not parallel, but separately 
constructed for. Thus their indications differ somewhat from those 
deriTed irom the parallactic circles in the other maps, which are 
laid down on tbe suppo^tion (not strictly correct) that the outline 
of the penumbra of Venus travels parallel to itself across the fece of 
the earth. This will account for a slight want of correspondence 
between the second and third C-columns in the following tables ; 
the third gives the correct effect of parallax. It will be noticed, 
however, that the difference is always trifling in the case of places 
suitable for the application of Delisle's method. 

A turther correction, but one of small importance, would result 
from the con^deratiou that the apparent outline (supposed to be 
seen from the Sun) of that part of Venue's penumbra which traverses 
the Earth is not a straight line, but part of a large circle. Thus the 
actual outline on the Earih's surface is not part of a circle. It 
follows that the parallactic curves in the four quarter spheres ought 
not to be circular, and the parallactic lines across the other two maps 
ought to be curved, the direction of their curvature being turned in 
the direction towards which the shadow is moving for ingress, and 
the reverse ibr ^ress. All the corrections due to this cause are 
minute, and attain their greatest values at places not suitable aa 
stations either for the application of Deliale's or Halley's me^od. 

A correction has been applied to columns C corresponding to the 
fact that the maps are severally constructed for a single epoch, while 
the events to which they relate occupy several minutes. 

• See note on p. 384. The circles marked '9, 8, &&, pass through all the 
points at which ingress or egraaa is accelsnitsd or retarded (aa the case may 
bs) b; ^Ihs, ^^> ^' °^ ^^ maiimum acceleration oi retardation. 
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Table I. — Accelerated Ingress. 



22-8 21-5 lfl-7 



Alton I. (Aleatiao} 


lao 




200 


Houthof AmowB. 


160 


Joddo 




Otebeiw 


M-5 


NMtcbiMk 




Tiiuiku 


... 


KiriDOnlB 




Nagaaaki 




TientaiD 




Fakin 




Shuighsi 




NuiUd 




Cm ton 


... 


Hongkong 





Crosetl. 
Enderb; Ld. 
Eeiguelen lA, 
Macdonald L 
KempL 
BoQibon I. 
Msuritiua 



BodnKuei 
Sabrina Ld. 
Adelia Ld. 
8. Tidorift Ld. 
Pertli (Auit.) 
Boyal Co. I. 

Bombay 
Haoqui^e Ld. 
Hobait Totrn 
Adelaide 
HelbonmB 



Table IL — Retardtd Ingress. 
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Table m. — Accelerated Egrets. 



8oat}iVictoriBLd.\ 

Adelie Id. 

Campbell L 

Emerald I. 

Uacquarie X S4'0 

Chath&m L I IS 

Canterbniy (N.Z.) IS'O 

WeUington 170 

Sabrina Ld. 

Enderb; Ld. 

Eojal Co. I. 

ADCklsud ISO 

Hobait Town SSO 

HelboDrne 3S-0 

Sydney 38-0 

Adelaide 
EergneleD Ld. 
Cmet L 
Perth (Anat) 



Table IV. —Retarded Egrtis. 



Sim'i ElsnUoti. 



AlexaDdria 

NeTtehinsk 

IMht 

TUtmku 

F«kin 
Eirin-Onis 
TientBin 
CalenttA 
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CantoQ ... ... 37-0 ... -82 ... 86 

Hongkong ... ... 37'0 ... -60 ... fl'S 

It vrill be seen, on a comparison of ubles A, B, and C, diat the 
effects of the change of phase are in some caaee important. The 
coefficients of parallax are afiect«d in sereral instances by more than 
0-1, and in two cases by 022. In the cases of Cioiet Island (Table 
II.) and Chatham Island (Table 111.) solar eleratioaB are w> im- 
prored that these statioDs, which would have to be rejected if 
central passage were considered, are shown to be well suited for the 
observation of internal contacts. The diminution of all the co- 
efficients in Table HI., through the change of phase, has an im- 
portant influence on the value of Delialc's method, ao &r as ^^ress 
observations are concerned. It ia important to notice, also, that 
under heads C in Tables III. and IV. many atations not hitherto 
recognised as available are included among the beat places for 
observing egress. The Indian stations in Table IV. seem too valu- 
able to be n^lected. Peshawur is better even than Alexandria; 
Delhi in not inferior to the latter station (when solar elevation is 
considered as well as coefficient of parallax). Bombay, Calcutta) 
and Madras are also excellent. It may be noticed also that Bombay 
and Madras, which, when conudered with reference to central 
passage, had seemed suitable places for the observation of retarded- 
ingress, are found to have so poor a coefficient of parallax when 
reference is made to internal contacts, that it would be useless to 
observe ingress there (so far at least as the application of Deliale'a 
method ia concerned). 

Of course, it will be impracticable for this comitry to send 
observers to more than a certain number of stations. But it is not 
unlikely that besides Ruada, France, and England (the only conntries 
specially concerned in the, transit of 1874), other nations may care 
to take part in the solution of the noble problem of determining the 
Sun's distance; and thus it seems advisable that all the stations 
where there will be any chance of obtaining useful observatjous. 
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should be tabulated as nearly as poaaible according to their relative 

valtiea.* 

* It aaj not be amiw to point out thst the nnmbers t(ibtUiit«d Dader head 
C in the above tables may be readilj test«d in a feir minut«B for aaj eaeigDed 
■tslion. Indeed, the vhole work of det«rminiDg Uie circomeCaacea of the traneit 
for internal contaeui, as seen from any station, nisy be gone thtoogh in abont 
an hour, and the main pitrt of the work tboa gone through would not reqaire 
to be repeated for other atationt. Although I bare no reosoa to doubi the 
aecuracy of the results tabulated above, it may be well that they should be 
checked. The justice of thn following processes will be obvious to eveiy one 
Hcquaioted with the principles on which the transits of an infarior planet 
depend: — 

Take out from the Nautkal Almanac and tables of the plaoetai; 
elements, — 

App. Semi-diameter of Sun on Decembet 6 ... = D 

„ „ Venus in int. conj. ... " V 

Horizontal Parallax of Venus (in inf. coqj.) refd. to Sun = P 

Sun's Southern Declination on December 8 ... - B 

^nation of time — ( 

On any convenient scale describe concentric circlet with radii 

(i.) D C"-) » + T (iii.) D-V- 

(iv.) D-V + P (v.) D-V-P 

On circle (ii.) take (according to Mr. Hind's elements of the tmnsit) posi- 
tion-angles 130-7° from south towards east, atid 160° from soath towards 
west, nod Join the paints thus determined. Determine with a protractor the 
posit ion -angles Q,. Q,, Q:,, and Q„ for the intersections of this chord with the 
circles (iv.) and (v.) Again, miking the eitrcmities of the chord correspond 
to hours 13' 47'* and IS* 2S" (from Mr. Hind's elements of the transit) 
divide the chord into hour-divisione. Tbcoce determine epochs H,, H„ 
H„ H^, comsponding to the bteraections of the chord with the circles (iv.) 

Now adjust a globe so that, looked at from above (vprlically), its appear- 
ance shall be (hatpreseotedby the Earth, suppused to be seen from the Sun, at 
apparent solar time H, + <, aiid with southerly solar declination S. From the 
Mutbern intereection of the bmzen meridiati with the horizon-circle, take an 
arc of Q, towards the east along the latter circle. This will give the place 
where ingress is most accelerated. To determine the value of any station Dear 
this point, measure the an-distance (a) of the station from the point, and the 
distance (p) from the horizon-circle. Then cos a — coefficient of parallax, and 
3 » Sun's elsvBtion, And Cava the coefficients and solar parallax may be de- 
termined for any number of stations, with corresponding methods for retonled 
ingress and for egresa. 

It may be necessary to notice that, to convert coefficients of parallax into 
minates of acceleration or retardation, reference must be made to the intervals 
of maximum acceleration and retardation. Theee are, for accelerated ingroas 
and retailed egress (Tables I. and IV. respectively) ll>f>S';for retarded 
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As regards tbe comparison between Delisle'n and H&Iley's method 
for the transit of 1074, I may remark that M. Puiseux's results seem 
to have been somewhat misinterpreted. Ue does not anywhere 
speak of Ilalley's method as the best, but simply states that he can 
■ee no reason why it should not be appUed : nor do his figures 
establish the superiority of Halley's method. 

I believe I ehall be able to show, however, that there is at least a 
possibility that Halley's method may be so applied to the traDsit of 
1874 as to give absoluiely the best means of determining the Sun's 
distance available before the transit of 2004 (about the circum- 
stances of which I know nothing). It only requires that the same 
energy should be devoted (either by England or some other nation) 
to the coming transit, which has been called for in relation to the 
transit of 1S82. There will also be the same chance of failure in 
one case as in the other. 

To prove the justice of these views I point to Nertchinsk (or its 
neighbourhood) as a suitable station for observing the lengthened 
transit, and the neighbourhood of Enderby Land as a proper station 
for observing the shortened transit. The above tables give for the 
former station a lengthening of (5'7"+9-8") or 15-5™; and for the 
latter a shortening of (ll'S^+S-S") or aO-3™. The total difference 
of duration is thus shown to be So'S". Setting against this the bes* 
cases for Delisle'a method (Woahoo from Table I. and Crozet Island 
from Table 11), we get the totnl difference of absolute time, is 
(1 1^^ + la^-e) or aS^-S, And the relative values of the mtthod.s 
in these cases (the most favourable for each) are given by the formula 

DeliBles (-.iS-S)" (*-2Sy 20TS 

ingress and «ce*l«ml«i pgress (Tables II. and III. reaptcliTely) 13" 8'. A 
tcefficient of paralliLip coreeBponds for the foraipc pair of enaea to a limt^ 
interval 

[ll-68'-3S*(l-ji]j). 
tat the latter to a time-iiitorval 

[I3-8' + 35'(l-y)]p. 

• Here I have used the vdloea given in Mr. Stone's paper, Moutklg Notictt, 
April 8, pp. 251, 252. He Tould hnvi> obtained a luger value for a hud he 
calculated for internal contacts. This would, of course, hare betto a change 
nafavounible to my case. But sgainst (his I set the fact that his careful 
examination of the ciroum stances of internal contacts wfll tend to render the 
probable errors much smaller {ralativel}') io IS74 than the; vere in 1769, 
when the observers had very vague notions of the phenomena the; were to 
eipcct and to watch. 

f It would not be correct to reduce tbe number of minutes 35-8 in a certain 
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and in this ratio, itujepeodentlj of all the other advantages which it 
presents, doca Halley's method surpaaa Delisle's. By taking Kemp 
letand, Adelie Land, Victoria Land, Crozet Island, or Kerguelon'e 
Land for the aoiithero, and Tsitukar, Kirin-Oula, or Tientsin, for 
the northern stattona, we get differences of duraldon ranging from 
33° to SO'fi", corresponding (accurding to Mr. Stone's formula) to a 
range from 24™ to 22'3'", in the case of Deliale's method. There is 
little chance of the latter method being applicable with a difference 
greater than the lowest of these methods ; and tb6 highest ia a 
difference which the best stations vill not give by Deliale's method. 

When it is remembered that Halley'a method ia bo mttcb the 
simpler, and that stations selected with reference to it give a double 
chance of at least a useful obaerration, the above conaiderationa 
Kceni to decide the question of the relative values of the two methods 
in 1874. 

Lastly, as to the relative values of the transits of 1874 and 1882, 
considered with reference to Halley's method. 

Mr. Stone's remark, that the choice of atationa is limited to those 
at which the Sun will have an elevation of at least 10°, reduces the 
maximum available difference of duration in 1874 from 363" (*^* 
value I had before mentioned) to 35J". But the tranwt of 1882 ia 
much more seriously affected. TLe suggested atation near Sabrina 
Land must be rejected at once. And although the suggested station 
near South Victoria Land correaponda to an elevation of iCat ingresa, 
there ia no accessible spot in that neighbourhood which will give 
any auch elevation. At Poasesaon Island the Sun'a elevation will not 
be much more than 5° at ingress; and at Coulman Island, the most 
southerly atadon which antarctic seamen hope to reach, the Sun's 
elevation will be but 7°; and even if these islands were suitable, 
they give a difference of duration perceptibly less than that which 
I had dealt with in my former paper. 

I must add that I had fully taken into account the difference in 
the clinging of the disc of Venua to the Sun'a limb in 1874 and 
1882. Indeed, I had adopted a considerably greater proportion than 
that indicated by Mr. Stone. But aa the principle be lays down 
requires that both Sabrina Land and Victoria Land should be 
dismissed from our consideration in 1882 — and aa there ia absolutely 
no other southern station at all comparable with (heae two, as &r as 

pToportioD, and take the exceu ovef 23*"8, aa meaBuring the superiorit; of 
Halley's mode. The proper way of treating Che qaestion ia to indicate the 
MlaUon between the tiro modes bj a ratio, aa above. 
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the lengthening of the tranBit's duration is concerned, we seem 
furccd to tbe concluaion lliftt if Halle^'a mediod faila totally for 
either of the coming trtmuts, it ie for that of 1882 and not for that 
of 1874. 

On the genera! question of the value of the transit of 1874, Z find 
myself compelled to adopt a difitirent opinion from that which Mr. 
Stone has expressed. Although the comparatire slowness of ingress 
and ^reaa increases the probable error, it increases the available 
time differences in at least the same proportion — I say, at teasi, 
because I cannot believe that the errors of an observation of ingress 
or egreea increase tiilly in the proportion of the slowness with which 
the phenomena succeed each other. But even assuming this un- 
favourable view, it may yet be shown that, caUrii paribus, slow- 
transits (i.«. tranidls of short chord) are as valuable as more rapid 
ones when Halley's method is considered, and more valuable when 
Delisle'a method is ooosidereil. For, in the first case, we have 

(1), Valua of a tnagit varies as miziiBam obnrTsble diSbniice ; 
(2), Msiimnin obBerviible differeDce Tmiiea as slownesa of rate of iagiesa 
or egieea • {crterit paribut) ; 

(3), Value of a tiaiiBit raries sh ~ ;; j-. ; 

Slowness of rste of ingress 

therefore, for transits of difTerent rates, but having ciroumstancee 
otherwise equal, the value is appreciably constant, so long as the 
chord of tranut is not too near a diameter of the Sun. 

For the second case we have (1) and (2) unaltered, but in place 
of (3) we get the 

Belative vsloe of transit varies ss -^ . ; 

ft)*" 

where jt is some constant, ti represents the rate of ingress or egress, and 
I is the error in determining the longitude of a station. Thus, the 

value of a transit varies as -,-i-(-j + '') t inversely as(it'+r*(*), 

and the slower transits are therefore ^e most favourable. 

It is worthy of notice, however, that, ag a rule, when there are 
two tranuts separated by eight years, the first is the less favourable 
for the application of Halley's method. The present case shows 
that to this rule there are exceptions. 

Monthly It'otiee* <^ tht Bogal JtlrenomiaU Society for June ISSd. 

* Eetimatsd, of coone, peipendieularlj to the limb. 
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ON TEE APPLICATION OF PEOTOOBAPBY 



TEUW IN 1874. 

It ia impossible to read Mr- De Ja Eue'e accnunt of the results of 
careful measurement applied to photographs of the solar eclipses in 
1860 and 1868 without recognising that we have in photography, 
as applied to the approaching Transit of Venus, one of the most 
poweriiil available means of determining the Sun's diatance. Within 
the last few yeara, solar photography has made a progress which is 
very promiung in regard to the future achievements of the science 
as an aid to exact astronomy. So that doubtless, in 1874, astro- 
nomers will apply photographic methods to the transit of that year, 
with even greater success than we should now be prepared to 
anticipate. It therefore seems to me that the photographic observ- 
ation of the coming transit merits at least as full a preliminary- 
inquiry as either Halley's or Delisle's method of direct observation. 

The result of an inquiry directed to thia end has led me to the 
conclu^on that photographers of the approaching transit should 
adopt for their guidance considerations somewhat different from 
those which have hitherto been chiefly attended to. 

It is undoubtedly true, as Mr. De la Rue has pointed out, that 
the photographer of the transit can readily take a large number of 
pictures, and by combining these, can ascertain with great accuracy 
the path of Venus across the solar disc. And by comparing the 
paths thus deduced for different stations a Batigfactory estimate can 
be formed of the solar parallax I do not wish to sug^st any 
departure from this course of procedure. 

On the other hand, it is undoubtedly true, as Major Tennant has 
remarked, that the greatest effect of parallax will be obtained for 
any two stations, when both stations, the Earth's centre, and th« 
centre of Venus, are in one and the same plane. So far as those 
two staliona are concerned, his remark is just, that it is the position 
of Venoa at the instant when the stations are so situated, and not 
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the nearest approach of Venus to the Sun'a centre, which Bhould be 
compared. And fiirther, Ut. De la Rue's comment on this, to tbe 
effeot that hia method in reality includes Major Tennant's, ia alao 
correct. In fact, there can be no doubt that tbe position of Venus 
at the particular inslant referred to hj Major Tenitant can be for 
more exactly ascertained by a reference to the complete path of 
Venus for each station than from any attempt to secure nearly 
aimultaneons photographic records at statiooa &r removed &om 
each other. 

But it appears to me that the method I am about to surest, 
according to which the whole question will be reduced to the 
determination of a pamllactic displacement of Venus on a line 
through the centre of the Sun's disc, is the one by which the fulleet 
asdstance will he obtained from photography ; while a source of 
error, which has not hitherto been specially considered, will be 
practically elimimited. 

It must be remembered that in die comparison of photc^raphic 
records, whether for the determination of the path of Venus across 
the Sun's disc at a particular station, or for the comparison either of 
Venus's apparent position or of her path as seen irom two different 
statJoDB, the accuracy of the results will depend in part on the 
certainty with which two or more pictures may be brought into 
comparison by means of a fiducial line or set of lines. It seemG 
certain that no method can be deriaed by which all chance of error 
from this source can be eliminated. The great point would, there- 
fore, seem to be to render its effect as small as possible. 

Now let us con^der for a moment Major Tennant's proposition, 
-, as giving a convenient illustration of the 

effects of any error either in the position of 
the fiducial lines, or in bringing thoea 
belonging to two pictures into exact corre- 
spondence. Let Fig. 21 represent the result 
of a comparison between two photographs 
• of the Sun. A B and CD are fiducial 
croas-linea common to both pictures, a is 
the centre of Venus for one picture, b Is 
her centre for tbe other ; and on the exact 
measnrement of a 6 depends the determination of the Sun'a parallax, 
HO &r at least as these two pictures are concerned. Now it is very 
obvious that if the lines A B, C D, for one picture, have not been 
brought into perfect correspondence with those belonging to the 




,.,.d,i. Google 



PHOTOOEAPHT AHD THE SOLAB PABALLAI. 397 

other, the dietance a b will be correspondingly affected. In &ct, it 
would appear that if the usual metLods for making the corre- 
spondence as exact as possible are followed, almost as large an error 
would be introduced through this cause alone as by errora in the 
meatnuremeDt of a b, since the two processes — the measurement of 
a b and tJie adjustment of the sets of cross-lines—depend on thu 
very same circnmstaace, the nicety, namely, with which the eye and 
the judgment can estimate minute quantitiee of about the same 
relative dimensions. 

But now, if a and b, in place of having the pomtion shown in 
Fig. 21, were ntoated as in Fig. 22, it is clear tJiat the distance a b 
will not be appreciably affected by any small error in the adjust- 
ment of the fiducial lines. 

The object, therefore, which it Beems most desiiahle to secure is 
that Yenus, as seen from two different stations at a particular 
instant, ahoidd have a relative parallactic displacement towards the 
Sun's centre, or as nearly towards the Sun's centre as possible. 
This amounts to adding to Major Tennant'a conditions this further 
one that the Sun's centre should be in the same plane with the two 
Fio. 22 stations— or rather to making this condition 

. substitute for that one which requires 
that the Earth's centre should he in the 
ame plane with the two stations. For an 
t rule we must not expect to be able to 
lecure that two convenient stations on the 
' Earth, as well as the centres of the Earth, 
t TenuB, and the Sun, should be in the same 

pi™. 

Mr. De la Rue's remark that by taking 
a aeries of pictures the position of Venus may be ascertained at any 
moment is in reality quite as applicable to my suggestion as to 
Major Tennant'a. In fact, were it not, we might despair of securing 
the deored object, since we have no reason for believing that 
astronomers are so certain as to the exact progress of the transit, 
that the conditions could be secured by anticipatory instructions : 
whereas by applying Mr. De la Rue'e method it will be possible 
after the tranut is past, to determine with any desired degree of 
accuracy the podldon of Venus at the proper instant. And further, 
it is very obvious that no error in the placing of the fiducial lines 
for pictures taken at the same stations, can much affect the accuracy 
of the result, since the comparison of successive pictures taken at 
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the some KUtion does not directly inToWe the element of the aoUr 
parallas, u when we have to compare ptctares obtained at different 
stations. 

The object, then, of the preaent paper and the accompanTing 
chart ia to determine what Etationa are mo«t enitable for applying 
photography to the transt of 1874, on the principles above enu- 
merated. I think the drawing will be found, however, to be also an 
inBtructive illuBtration of the whole character of the tramsit. 

In the preceding paper in the ' Monthly Notices ' for March I 
showed how all the chief elements of the transit could be deduced 
by conaiderijig the motiou ofVenus relatively to apair of cooes, each 
enveloping the Sun and the Earth, but one having its vertex outside 
the Earth, the other having its vertex between the Earth and the 
Sun. For my present purpose it wiU be convenient to consider the 




motion of the Earth relatively to a pair of cones similarly enveloping 
the Sun and Venus. 

Fig. 23 repreRents a portion of these cones around Yenus at V. 
£ e is the Earth's orbit relatively to these cones ; ab ia the circular 
section of the outer cone, C(f that of the inner. Venus is supposed 
to be approaching the eye, and therefore the Earth also wotUd, at the 
time of conjunction, be approaching ; bnt as we are considering the 
Earth's motion relatively to the two cones, and as Venus moves 
more rapidly in her orbit than the Earth, we must suppose the Earth 
U> traverse the sections a h and cd ia direction £ e. When the 
circumstances of the transit of 1874 are attended to, it results that 
the motion of the Earth relatively to the sections a b and cdisM 
shown in Fig, 24. The variouH circles represented along the parallels 
£ e correspond to the various positions of the Earth represented 
in the illustrative plate. 

Comparing Figs. 23 and 24, it will be seen at once that, as soon 
as the Earth reaches the outer circle a b, external contact b^ns. 
With the peculiarities of this phase we need not concern ourselref, 
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When the Earth reaches the circle c d, aa at podtioii 1, Pig. 24, 
intanud contact b^DB, and when the Earth jtut touches the circle 
c d on the inmde, the transit 
has begun for all places on ^ 

the Earth's illuminated hemi- 
sphere. The poatdons 1 and 2 
correnpond to the cases of in- 
ternal contact most accelerated 
and internal contact most re- 
tarded. They have been added 
to the illustrative plate for the 
sake of completeness, but in 
reality thej do not belong to t^ 
the special subject of this paper 
unce, as Mr. De la Rue haa 
remarked, the photographer 
need not set himself to observe 
special pliaaea of this sort. The fame remark applies to the positions 
14 and 15. 

The remaining positions of the Earth in Fig. 24, corresponding to 
the 11 pictures 3-13 in Plate X., are those occupied by the Earth 
at saccesaive intervals of 15 minutes, the picture numbered S 
corresponding to the position occupied by the Earth at IG"* 6" 31' 
G.M.T., on December 28, 1874, when Venus makes her nearest 
approach to the centre of the Sun's disc. 

Now if we look at Figs, 23 and 2i, and consider what they repre- 
sent, we shall see that Fig. 24 may be looked upon as exhibiting an 
inverted picture of the Suu's disc and the transit of Venus's centre 
across it : we see, in fact, that the apparent position occupied at any 
instant by any point on the Earth's surface in Fig. 24, corresponds 
exactly to the position occupied by Venus upon the Sun's disc, as 
supposed to be seen from that point of the Earth's surface at the 
instant in question. We have only to invert Fig. 24, and look at it 
from behind to see what sort of path Teuus would seem to traverse 
upon the Sun's disc, either with reference to the Earth's centre, or 
10 any point of the Earth's surface supposed to be properly depict^ 
upon the small figures 1-15. 

It follows, therefore, that if we want to determine two stations 
at which at any instant Venus would appear to have a relative 
parallactic displacement towards the Sun's centre, aU tJiat is re- 
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quired ie that we select two atatioM which are od the same radial 
line Irom the common centre of the circnlar sections ab and cd. 

The pofiitionB of those radial lines which cross the Earth's track 
through the section c d are exhibited in Plate X. It will be un- 
deratood, of coarse, that the three rows of figures belong in r^itc* 
to a single row, the numbering of the successive pictures of the 
Earth indicating the way in which that row would be formed by Uie 
combioatioQ of the three rows shown in the plate. 

I need not explain the construction of the plate, which depends 
on the simplest mathematical principles. I have taken a consider- 
able ^nount of care to secure accuiac;, not only in the projectioDB 
of the Earth, but in the position of the radial crosx-lines ; and, 
though there may be minute inexactuesaea, there will be found none, 
1 think, which affect the purpose for which the plate was constructed. 
What that purpose is will be best illustrated by simply examining 
the indications of the Hucceaaive pictures. 

Faa^g over pictures 1 and 2, we notice in Pig. 23, that Ker- 
guelen's Land and Crozet Island, lying nearly on a line with certain 
of the Aleutian Islands, su^^t that pictures taken at the former 
stations at the bt^nning of the tranut could be advantageously com- 
pared with pictures Mmultaneoosly, or almost simultaneously, taken 
at a station on one of the eaatemmost of the Aleutians. In like 
manner pictures taken near Enderby Land could be advantageously 
compared with pictures taken at Woahoo. Projection 4 does not 
differ much from the preceding, but the cross-lines have assumed a 
less inclined position, and K^rguelen'a Land could, at the epoch 
belonging to this picture, be better combined with a somewhat more 
westerly Aleutian island. 

Projection 5 exhibits the advantage of a photographic stalioa at 
or near Yokohama. Probably such a station, combined with one 
in Crozet Island or Eerguelen's Land, would give (by pictures taken 
near the hour belonging to Projection 6) absolutely the best results 
which photography can give. 

The remaning projections suggest the following combinatjons of 
photographic records : — 

Projection 6. Yokohama and Enderby Land, Kerguelen's Land 
and a station in Manchooria; Crozet Island and Peking Cape of 
Good Hope and Nertchinsk. 

Projection 7. Ket^den's Land and Taitsikar : Crozet Island and 
Nertchinsk ; Cape Town and a station west of Lake Baikal. 
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ProjectioQ 8. Kerguelen's Land and Nertchinak ; Cape Town and 
Peahawur ; Repulse Bay or neighbourbood and Yokohama ; Pertli 
(Auatralia) and Yokohama. 

Projection 9. Repulse Bay and Yokohama ; Enderby Load and 
Nertchinak ; Crozet Island and Calcutta ; Cape Town and Bombay. 

Projection 10. Repulse Bay and Nertchinak ; Poaaeaaion Island 
(near South Victoria Land) and Yokohama; Kerguelen's Land 
and Calcutta; Crozet Island and Pi^awnr; Gape Town and 
Teheran. 

Projection 11. Possession Island and Tsitsikar; Repulse Bay 
and neighbourhood of Lake Baikal ; Enderby Land and Calcutta; 
Kerguelen's Land and Madras ; Crozet Island and Peahawur ; Cape 
Town and Aden. 

Projection 12. Possession Island and Nertchiusk ; Enderby Land 
and Madras; Kerguelen's Land and Peahawur; Crozet Island and 
Teheran. 

Projection 13. Possession Island and neighbourhood of Lake 
Baikal ; Repulse Bay and Calcutta ; a New Zealand station and 
Yokohama ; Hobart Town and a station near the mouth of the 
Amoor. 

From this list we see that Kerguelen's Land and Crozet Island, 
Peahawur* and other Indian stations, and atationa in Siberia, ar^ 
those which give the most favourable opportunities for the applica- 
tion of the photographic method. 

a obBerring station. Sut 

Monthi^ Salicet of the Boyai Jitreneiniical Society for Januarr 1870. 
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nntakppllj preHlmi. Wc cunol aU tx kIioIui liifoT* Uw pabUo williiii tlia UM few jesn are 

tntbellnillediiHuiIsBetthavonl.bat wenw7 i— -.^-.-j-i .- -i — ^ — .. —j n. 

■U ta Kholwa tn Iba nhool ot Naturk, laming 

tbia that Ur. Pkoctob doca— brlnn a cnltnrad 
tnluto tUctluiaeqiKMkinatbatolberslkaTBaat 
the opportonlty 



iDMrpnMT. vba It 



ii HatQn'a langiuae not 



>rs the pobttc In aoothar lonii, but ttm* 
n Uiat woald pall upon a Nsond pemaal ; 
me, pntdlahadlnacolleBVIDaKaatiifl, ara 
tie emenl raadar. The ntiiaeu an aa 



accnrata langoag*. So tar aa a 

Icdgs at the anbjeoti he handl . 

Ur, Fboctob leaTta little or ootMng 
■Irtd ; pTDbablj tbeae eaWTa are the n 






potable lunonnt of inrahlB, in (h 

and phjMoaJ geographer. Then 

reader will flDdaoniMliIiig that w 
The work li a oiatDl oontribntlon 



OTHER WORLDS THAN OURS; the Plurality of Worlds Studied 
under the Light of Becrnt Scientific BeBeucbee. Second Edition, revised and 
enlarged ; with 14 lUaauationa. Crown Sro. price 10>. 6d. 



It termed a ligftt-ii/ltr, a 



DM at the (taming dlacomlea eflecud by the aid 
ot the tpectnaoopa, In order to form ioeter views 

Mid ftellar oMema. Heagalo nils»Uie qDoetlon 
ot tba plorau^ ot worlda, which a few yem^a ago 
eiiiiiki>ed tba adenttflo and dialectic tklll of 
audi men m Ur. Whewiu. and Blr dvn) 
BHIWvrFB, and ngea betora faaclnsted the earl; 
pbUoaoptaera ot aoelent Qreeca. Mr. rnocTOH 



ijact ot Ufa In other worlda bai 

Iff WtrliU and finnwsnR'B It-irt Wurl-ii Man Out 
were written. AT^nmenta which were hjpotbe- 
"'-' thlrtj jtm ago have either Ik— 



talnUea or been 



DoubtfDl polDU 
facta nlilcb oere weU kooi 
been devised, which hiu not 



SATURN AND ITS SYSTEM ; contsining DiflcuseionB of the Motione 
(real and apparent) and Telescopic Appeaiance of the Planet Saturn, its Salel- 
litea, and Binge ; the Nature of the Ilinge ; the Ormt Jneqanlity of Satum and 
Jupiter; and the Habitabillt; of Saturn. To which are appended Notea 



'Ur. PanCTOB'a 



IT theory ot the rlnffi Ii 



PBOcioa Blttjit-.^ ._.. 

torlan of Saturn. All that la Imown abciTit 
phuitt. and all that can be oonjectnred hf 
trained niathmatlcal mind, li detailed at 



tir to the TBlue of the book, the at/le ol 
:h la reaU)' a model ot a aeml^pedal treal- 
t ot a eckntiOc suhjew,' Biidiu. 
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TUB ORBS AROUND US ; a Series of SketcLes of Planets and Stan, 

Comets, Miteore and Nebate. [/* tluprttt. 

THE SUN; RULER, LIGHT, FIRE, AND LIFE OF THE PLA- 
NETAEY SYSTEM. With JO PlWee (7 coloured) <aA 107 Figorea oagrared on 
Wood. Croim 8ro. price 14*. 




THE SUN; an Account of the Principal Uodem DlBcorerieB respecting 
the Structure of this Orb, \l» Inflaence JD the UniTeree, and its Relatians witi 
respect to the other Celestial Bodies. By F. Sbcchi, S.j. Bireci«r of the Obser- 
Tutory of the Soman College. (Truiiilat«d sad editsd by Mr. Pboctob.) I rol. 
Sto. [/» Ike Atttumn. 

A NEW STAR ATLAS, for the Library, the School, and the Obaerra- 

tory, in 12 Circular Mapa (vith 2 Index Platea). Intended as a CompuiioQ ta 
■ Webb's Celestial Objects for Common Telescopes,' With an IntioducCion oi 
the Study of the Stara, illostratad by fi Diagrams. Crown 8to. price 5i. 



woTtln gnld* tc 

blf her praiK.' 

'Mr. Pboctor' 
hli larger work. 



li Uttle book to enrj- 



iroald bo dlfflcolC to glcs It 



'hlla Its nlatlTe 



among Ui Immsllj 

poiiUon. M rsnnU _, 

e>ifl;KeD bjhetp ot a coapl* of Index Uapi. 

tlioiuA It roar be aui apart. It b «p«oliiUy pce- 
pand u a comiiaaloa Co Mi, Webb's Ter; niefnt 
work on Celotlil Objscta for OomooD Telei- 
oopM.' BUIOXKB. 

' Tbe miBl] ilu of tbl> eioeUent Atlaa m 
It quite capable ot belag carded In the po 
and makes lb. In ooDHqueoee, Teiy band^. 
dlrtoTtloa In tbese maiH, naoldng from 
nocwsity ot pepr-Boi ■' - " 






Th« 



and admlrahlf ei 
■IdenlMj ; ud, 



n to the leaner and tbr 
BDtiuTiasiaL TntH. 



■Ttaea7«atdlfflcii1tf In all caksUiI aUssMk 
to ^ rid or the dlitnrtiaii omueqnent oo tti* 
neweltj of reprcaeatlng a ■pberLcalSDrface npoa 
a fiat one. or cDune, la teralrlal maps tba 
HBie dlOlcDltr exliCs, bat in ■ macb leH degne, 
ae ttae epauea on earth are eo mncb smaller, in 
comparlKn wltb tbe anioiiM of ipbaical oomk- 



ttae Osetnl Knoirledge 8ocletf , tb« ai 
the luareas oocnples fire tdms is mina a« uh 
edge u In the centre o( the map, and ndi a dia- 
proportlan nei a long w — '- — *" "-' 
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